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Description 

[0001] The invention relates to Hepatitis B surface antigen ("HBs antigen" or "HBsAg") polypeptides prepared by 
recombinant DNA processes, DNA sequences coding for these polypeptides end cell lines for the expression of the 
same. 

BACKGROUND OF THE INVENTION 
EXPRESSION IN HOST CELLS 

[0002] Advances in vaccine production techniques have made it possible to synthesize polypeptides corresponding 
to the HBs antigen in bacteria, yeast and mammalian cells. Transcription of eukaryotic genes in bacteria and yeast, 
however, adversely affects the efficaciousness of these polypeptides as antigens due to several drawbacks concerning 
the glycosylation and secretion of the polypeptides and composition of the particle formed therefrom. 
[0003] For example, in the case of the Hepatitis B virus, the polypeptide antigens produced in vivo are heavily gly- 
cosylated (Gerlich, 1 984: J. Virol.: 52 (2), 396). In prokaryotes, glycosylation is not an essential process so that polypep- 
tides produced by genetically engineered bacteria are either not glycosylated or are incompletely glycosylated. In either 
case, polypeptides corresponding to HBsAg, when expressed in bacteria, do not raise antibodies which will see HBsAg 
sufficiently well for an effective vaccine. Although yeast as a eukaryotic host is capable of more complete glycosylation, 
polypeptides corresponding to HBsAg expressed in yeast share the same deficiency as in the case of bacterial ex- 
pression (Murray et al., 1979: Nature, 282, 575; Valenzuela et al., 1982: Nature, 298, 347; Miyanohara et al., 1983: 
PNAS, 80, 1). 

[0004] As a further example, in bacteria the eukaryotic structural gene of the HBsAg is in most cases not efficiently 
transcribed. Furthermore the structure and function of the eukaryotic HBsAg gene product may be dependent on the 
additional post-translational processes of the linkage of disulfide bonds which can not be accomplished by the bacterial 
host. 

[0005] Still further, the expressed polypeptide is rarely secreted from the bacterial host cells. They must be lysed to 
harvest the expressed polypeptide. During the purification process bacterial wall components may contaminate the 
polypeptide and cause serious allergic reactions or lead to anaphylactic shock in patients. 

[0006] Finally, eukaryotic promoters usually do not work in bacteria and must be substituted by a bacterial promoter 
which can result in modification of the polypeptide expressed. (Offenspergeret al., 1985: PNAS, 82, 7540; Valenzuela 
et al., 1980: ICN-UCLA Symp, Mol. Cell. Biol., 18 57). 

FORMATION AND SECRETION OF PARTICLES 

[0007] The natural forms of Hepatitis B virus ("HBV") and HBV protein occur in three distinct morphologies: 

the HBV-virion (Dane particle), which is thought to be the infectious material, 
the filaments, and 

the 20 or 22 nm particles (hereinafter "20 nm particle") which consist only of a protein envelope. 

[0008] The most interesting form for an efficient vaccine is the 20 nm particle because 1 ) the coding sequences are 
entirely known, 2) it is completely uninfectious, and 3) it causes some useful immunogenicity in a human organism. 
[0009] The three known components of HBV particles differ in their relative amounts of the protein composition. 
There are three monomers called the major protein with 226 amino acids, the middle protein with 281 amino acids, 
and the large protein with 389 or 400 amino acids, depending on the subtype ayw and adw, respectively. The large 
protein is encoded by the complete sequence of the pre-Sj-, pre-S 2 - and S-regions, whereas the middle protein is 
derived from only the pre-S 2 - and S-regions, and finally the major protein from only the S-region (Tiollais et al., 1985: 
Nature, 317, 489; Dubois etal., 1980: PNAS, 77, 4549; McAlzer et al., 1984: Nature, 307, 178). 
[0010] The infectious virion of HBV (Dane particle) contains 40-80 times more of the high molecular monomers - the 
pre-S n and pre-S 2 peptides - compared to the 20 nm particle. It is now known that these pre-S polypeptides may be 
associated with some biological and clinical implications. The polyalbumin receptor on the pre-S polypeptides can bind 
polymerized albumins from humans and chimpanzees which are susceptible to HBV (Thung et al., 1983: Liver, 3, 290; 
Machida et al., 1 984: Gastroenterology, 86, 91 0). This narrow host range and the known receptor for poly human serum 
albumin on human hepatocytes explain the hepatotropism of HBV: Dane particles are able to contact hepatocytes via 
poly human serum albumin taken up by hepatocytes from circulation. Based on this evidence the pre-S peptides should 
be helpful for an efficient vaccine against HBV because its antibody could be expected to block the significant site on 
Dane particles that are required for entering hepatocytes (Tiollais et al M 1985: Nature, 317, 489; Millich et al., 1985: 
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Science, 228, 1195). 

[0011] Literature data would also suggest a better protection against the infectious Dane-particle where the pre-S., 
epitope is present in much higher ratio than on the envelope particles. 

[0012] The vaccine obtained from natural sources (e.g., donor blood), which causes a limited immunogenic protec- 
5 tion, contains (almost) none of the pre-S proteins; this is due to two different reasons. First, the purification process is 
focused on the noninfectious 20 nm particles. These contain at most 1% pre-Sj peptide compared to 15-20% in the 
Dane particle (Gerlich, 1984: J. Vir., 52 (2), 396; Tiollais et al. t 1985: Nature, 317, 489; Gerlich, 1982: virology, 123, 
436). Second, the 20 nm particles are isolated from sera of anti-HBe positive carriers (Hevac B, HepaVac B) or are 
digested by proteases during the purification process. This proteolytic digestion has been shown to cut the pre-S- 
10 polypeptides leaving only the S monomers. As a result these vaccines contain none or very little pre-S polypeptides. 
[0013] Therefore there is a demand for a vaccine in the form of HBs antigen particles which possess a high immu- 
nogenicity due to the composition of the particle, which undergo glycosylation in the cell and which are secreted con- 
tinuously from the particle-producing cell. 

1* REFERENCES AND PATENTS 

[0014] EP-A-72 318 describes the expression of HBsAg in yeast cells, which have been transformed by a vector 
comprising a yeast replicon, a yeast promoter and a DNA sequence coding for the S peptide. 

[0015] Laub et al., J. Virol., Vol. 48, No. 1, pp. 271-280, 1983, disclose the construction of a vector starting from 
20 simian virus 40 into which the HBsAg including the 163 cod on precursor sequence was incorporated. Laub et al . report 

that CV-1 cells transformed with said vector yield a better expression when the vector contains only the coding sequence 

for the S protein as compared to the above vector which comprises additionally also the 163 codon precursor sequence. 

[0016] Also Takeda Chemical Ind., Japanese Patent Application No. J5-81 94-897- A describes the expression of the 

entire pre-S and S peptides. Reference is also made to the expression of the adw subtype. 
25 [0017] Feitilson et al., Virology, Vol. 130, pp. 75-90, 1983, have described the partial expression of polypeptides 

within the pre-S coding sequence, including species with 24000, 28000, 32000, 43000 and 50000 dalton. 

[0018] Further, DE-OS 34 39 400 describes the expression of an immunogenic polypeptide sequence of Hepatitis 

B virus. 

[0019] Said sequence represents a partial sequence of the pre-S 1 polypeptide, comprises 108 or 119 codons and 
30 starts with the first starting codon of HBsAg, and terminates 281 codons in front of the stop codon. 

[0020] EP-A-154 902 discloses a Hepatitis B vaccine which contains a peptide with an amino acid chain of at least 
six consecutive amino acids within the pre-S chain coding region of the envelope of Hepatitis B virus. This vaccine is 
free of an amino acid sequence corresponding to the naturally occurring envelope proteins of Hepatitis B virus. 
[0021] Also Kent etal. have described in Pept. Chem., Vol 22, pp. 1 6770, 1 984, that a chemically synthesized peptide 
35 comprising the N-terminal 26 amino acids of the pre-S 2 region can serve as an antigen and may therefore be suitable 
as a synthetic vaccine. 

OBJECTS OF THE INVENTION 

40 [0022] None of the above discussed references consider the possibility that, by altering the composition of the mon- 
omers making up the 20 nm particles and approaching thereby the natural composition of the Dane particle, the anti- 
genicity of the particle can be improved. 

[0023] As discussed mentioned above, the immunogenicity of the peptide monomers of the virus envelope protein 
is very poor compared to assembled protein particles. The object of this invention is the development of protein particles 
45 which contain an amount of the pre-S polypeptide epitopes comparable to the natural composition of the surface struc- 
ture of the infectious Dane particle. 

[0024] It is a further object to utilize additional pre-S peptides containing important protective epitopes in the devel- 
opment of a better immune response, a longer protection and lower non-responder rate as compared to all the other 
products either already marketed or under development. 
so [0025] It is a further object to express HBsAg in mammalian cells. This requires overcoming known difficulties where 
expression of the desired peptide in a mammalian cell can result in: 

different regulatory mechanisms for the three translational/(transcriptional) products 
promoter-promoter inhibition 
55 - different strength of the start codons 
not all peptides expressed. 
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SUMMARY OF THE INVENTION 

[0026] The term "HBV S peptide" as used herein refers to the peptide encoded by the entire S region of the HBV 
genome. The term "HBV pre-S 2 peptide" as used herein refers to the peptide encoded by the entire pre-S2 and S 

5 regions of the HBV genome. The term "HBV pre-S 1 peptide" as used herein refers to the polypeptide encoded by the 
entire pre-S 1( pre-S 2 and S regions of the HBV genome. The term "epitope" as used herein refers to a sequence of at 
least six consecutive amino acids encoded by the designated genome region (e.g., a "HBV pre-S 2 epitope" refers to 
a sequence of at least six amino acids encoded by the pre-S 2 region of the HBV genome). As used herein "antigenicity" 
means the ability to provoke an immune response (e.g., acting as a vaccine or an antigen), the ability to cause the 

10 production of antibodies (e.g. acting as an antigen) and/or the ability to interact with a cell surface receptor so as to 
enhance an immune response or production of antibodies (e.g., reacting with a T-cell surface receptor to enhance 
immune response). 

[0027] The term "HBV" means any subtype of the virus, particularly adw, ayw, adr and ayr, described in the literature 
(P. Valenzuela, Nature Vol. 280, p. 815 (1979), Gerlich, EP-A-85 111 361, Neurath, EP-A-85 102 250). Examples of 
15 peptide sequences thereof, from which the epitopes of this invention can be derived, are shown in Figures XVI to XX. 
[0028] The present invention provides a recombinant DNA molecule comprising an expression control sequence 
operatively linked to first and second DNA sequences linked in frame, said DNA sequences each encoding a discrete 
region of a single peptide expressed by said recombinant DNA molecule, and said first DNA sequence being closer 
to said expression control sequence than said second DNA sequence, characterised in that: 

20 

(a) said first DNA sequence comprises the nucleotide sequence of part of the HBV pre-S-, coding region wherein 
a 5'- terminal region of said pre-S 1 coding region containing the pre-S 1 region ATG start codon has been replaced 
by a 5'- terminal coding region of the HBV S region containing the S region ATG start codon, and said first DNA 
sequence encodes an HBV pre-S 1 epitope; and 

25 

(b) said second DNA sequence comprises nucleotide sequence of the HBV S coding region wherein the ATG start 
codon is absent and encodes a peptide which upon secretion will direct formation of particles that will provoke an 
immune response against the pre-S., epitope. 

30 [0029] Host cells transfected with the recombinant DNA molecules of the present invention are also disclosed. As 
used herein, "transfected" or "transfection" refers to the addition of exogenous DNA to a host cell whether by trans- 
fection, transformation or other means. Host cells include any unicellular organism capable of transcribing and trans- 
lating recombinant DNA molecules including without limitation mammalian cells, bacteria and yeast. Host cells of the 
present invention may also be cotransfected with a second recombinant DNA molecule encoding a peptide including 

35 the amino acid sequence of the HBV S peptide. 

[0030] The invention includes peptides encoded by the recombinant DNA molecules of the invention. 
[0031] Immunogenic particles are also disclosed which comprise a plurality of first peptide monomers encoded by 
a recombinant DNA molecule of the invention. Immunogenic particles are also disclosed which further comprise a 
plurality of second peptide monomers and wherein the first and second peptide monomers are bound together by 

40 interactive forces between the monomers. Each of said second peptide monomers comprises the amino acid sequence 
of the HBV S peptide. 

[0032] Immunogenic particles are also disclosed which contain substantially more than one percent, preferably more 
than five percent, of the pre-S t epitope. As used herein, a particle "contains one percent" of a designated epitope if 
peptide monomers having the designated epitope constitute one percent of all protein in the particle. Immunogenic 
45 particles which contain substantially more than ten percent, preferably more than fifteen percent, of the pre-S 2 epitope 
are also disclosed. 

[0033] Pharmaceutical preparations and preparations useful for production of antibodies comprising the above-de- 
scribed immunogenic particles in sufficient concentration to elicit an immune response upon administration of said 
preparation and a suitable carrier are also disclosed. Suitable carriers are known to those skilled in the art and may 

so include simple buffer solutions. 

[0034] Other preparations useful for production of antibodies are disclosed comprising the above-described immu- 
nogenic particles in sufficient concentration to elicit an immune response upon administration of said preparation and 
a suitable carrier. Suitable carriers are known to those skilled in the art and may include simple buffer solutions. 
[0035] A process for producing a transfected host cell is disclosed which comprises providing a host cell which has 

55 been made competent for uptake of DNA, exposing the host cell to a first preparation of DNA comprising a recombinant 
DNA molecule of the invention, allowing under suitable conditions the host cell to take up DNA from the first preparation 
of DNA, and selecting for a host cell which has taken up the recombinant DNA molecule. The process may further 
comprise exposing the host cell to a second preparation of DNA comprising a DNA molecule encoding a peptide 
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including the amino acid sequence of the HBV S peptide and allowing under suitable conditions the host cells to take 
up DNA from the second preparation of DNA. The exposure and uptake of the second preparation of DNA. The exposure 
and uptake of the second preparation of DNA can be done before or after exposure to and uptake of the first DNA 
preparation. Alternatively, the first DNA preparation can also include a DNA molecule encoding for a peptide including 

5 the amino acid sequence of the HBV S peptide. 

[0036] A method for producing a peptide is also disclosed which comprises culturing a host cell transfected with a 
recombinant DNA molecule of the invention under conditions allowing expression and secretion of protein by the host 
cell, and collecting the peptide produced as a result of expression from the recombinant DNA molecule. 
[0037] A method of producing immunogenic particles is disclosed comprising preparing an above-described recom- 

io binant DNA molecule of the invention, transfecting a host cell with the recombinant DNA molecule, culturing the host 
cell under conditions allowing expression and secretion of protein by the host cell, and allowing under suitable conditions 
the aggregation of peptide monomers produced as a result of expression of exogenous DNA sequences within the 
host cell. A method of producing immunogenic particles is also disclosed which further comprises transfecting (cotrans- 
fecting) the host cell with a DNA molecule encoding a peptide including the amino acid sequence of the HBV S peptide. 

*s The cotransfection can occur before, after or simultaneous with the transfection of the above-described recombinant 
DNA molecule. The presence of peptides encoded by the cotransfected DNA molecule is necessary to obtain more 
than trace amounts of particles secreted from the host cell. 

[0038] Methods of manuf actu ring a pharmaceutical preparation and a preparation useful for production of antibodies 
are disclosed comprising preparing an above-described recombinant DNA molecule of the invention, transfecting a 

20 host cell with the recombinant DNA molecule, culturing the host cell under conditions allowing expression and secretion 
of protein by the host cell, allowing under suitable conditions the aggregation of peptides produced as a result of 
expression of DNA sequences within the host cell to form immunogenic particles, and combining the immunogenic 
particles with a suitable carrier such that the immunogenic particles are present in sufficient concentration to cause 
production of antibodies upon administration of a preparation to an individual. Host cells used in these methods can 

25 also be cotransfected as previously described. 

BRIEF DESCRIPTION OF THE FIGURES 

[0039] Figures I, III, IV, VI and VIII show gene constructs according to the present invention. 
30 [0040] Figures II, V, VII and X show gene constructs which are outside the scope of the present invention, and which 
encode pre-S2-containing peptides. 

[0041] The shaded areas in Figures I to VIII and X indicate regions that are not present in the constructs. 
[0042] Figure IX shows a Bglll-Bglll sequence coding for pre-S 1 , pre-S 2 and S. 

[0043] Figures XI and XII show the results obtained by caesium chloride sedimentation of immunogenic particles 
35 according to example 1 0. 

[0044] Figure XIII shows a prior art construct shown in Table XI. 

[0045] Figure XIV shows the characterisation of particles with pre-S-t and pre-S 2 epitopes. 
[0046] Figure XV shows the oligo sequence of Figure X-2. 

[0047] Figures XVI to XX show examples of peptides sequences from which the epitopes used in this invention can 
40 be derived. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0048] Preferred DNA constructs of the present invention are characterized by the presence of a selection marker 
45 selected from the group consisting of dhfr (dihydrofolate reductase), MT-neo (a neomycin resistance sequence coupled 
to a methallothionein promoter) and MT-ecogpt (a resistance sequence coupled to a methallothionein promoter). The 
expression rate may be further enhanced by adding to the constructs a dhfr gene as an amplification gene. 
[0049] HBV nucleotide sequences used in certain constructs of the present invention can be formed or isolated by 
any means including isolation and ligation of restriction fragments and synthetic oligonucleotides. Constructs spec if i- 
50 cally described herein were formed by the ligation of synthetic oligonucleotides to a 5' Xbal-Bglll 3* fragment from the 
S region of the HBV genome shown in Figure IX (hereinafter the "Xbal-Bglll fragment") which is derived from a Bglll- 
Bglll HBV fragment including the entire pre-S.,-pre-S 2 -S regions (the "Bglll-Bglll Fragment"). The pre-S^pre-Sg-S 
region of the HBV genome is shown in Figure IX, Oligonucleotides used in making such constructs are summarized 
in Table I. 

55 
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Table f 

Oligonucleotide PimlBxes for Vector Construe mi 



10 



15 



20 



25 



Qligp.. 
i 



1 3 



17 



19 



23 



Restriction Sites and 

Srtejttatig SlTUfltTHO Function 
Mstll-ATG-Sl-Xbal 



Mstll-ATA-Sl-XbaZ 



BglH-ATG-S 2-EcoM 



MstII-ATG(S)-S2- 
Xhol 

BglII-ATG(S)-Sl- 
Xbat 



SI (exchanged 
flanking 
sequence 
ATG) 

51 (exchanged 
flanking 
sequence 
ATA) 

52 (exchanged 
Hanking 
sequence 
ATG) 

S2 (20 amino 
acids: with S 
ATG) 

SI (28 amino 
acids; with S 
ATG) 



ffitickv endft g fft iir >derHtifc*n 

ICASQAAATGGAQAACATATCAGGA 
TTCCTAGGAOCXXrrTCTOGTrCjrTACAG 

GCC&GGirrrrcnGrw 

CECACAATACCGCAGAGT 

ICAQfiAAATAGAOAACATATCAGGA 
TIXX TAGGACX :CClTCIXXnxyiTACAGG 
OGGGGI 1 IT 1 1! riTjrlTG ACAAGAATCCT 
CACAATACCGCAGAGT 

XSA3ETACCTOAACATOGAGIGG 



33GAG2<XKJrGAACATGGAGAACATCrCC 

AGTTCAGGAACAGTAAACCCTGTrCTGA 

^ A ^TG<XTClCCCTTATCXnCAATCrTC 

CL&ECTTTA AC^TGG AG AAG AATCCTCTG 

GGATTClTnXCOAT^OCAGTriGGATOC 

AGGCTTCAGAGCAAACACCGCAAATCC 

A(MTTGGGACTTCAATCOCAGT 



30 



35 



40 



45 



50 



55 
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10 



15 



20 



25 



30 



35 



40 



45 



n».ctrir.tion .Site!! and 

oii ^o. fro, grftfpifttic Structure Function 

2 9 Bgin-ATC(S)-S2- S2 (26 amino 

Xbal acids; with S 

ATO) 

3 3 XbaI-ATA(S)-StyI S 5' with ATA 



3 5 XbaI-ATA<S)-HpaI- S ? wilh ATA 

Styl 



37 



39 



43 



45 



49 



55 



BallLSl-Hpal 



EcoRlOCbal-XhoI- 
ATA(S)-StyI 



StyI-S2-XhoI 



BglII-ATG(S)~Sl- 
po!y alanine-Xbal 



Xbal-S2-Styl 



Bglll-Sl-Xbal 



SI 



S 5' with ATA 



S 3* 



$1 Civ Amino 
acidi; wLii S 
ATG); poly 
alanine sequence 

S 3' 



SI (28 amino 
acids) 



fcifefcv enda are unt]pr\i**A\ 

QAICTTTAACATCGAOAACCAGTGOAAT 
TCCACAACCTTCCACCAAACTCTOCAAO 
ATCCC AG AGTG AG AGGCXTOTATTTCCCT 
CXnoaTOGCTtXAOT 

CIACACCCTGCGCTGAACATAGAGAACA 
TCACATCAGGATTCCTAGGAOCGCTTCrC 
G i Un ACAGGCOGG Gl 111 HTlunO ACA 
AGAATCCTCACAATACCGCAGAGC 

CEAflACCCTGTOGTrAACATAGAGAACA 
TCACATCAGGATTCCTAGGAOCCCTTCrC 
mOTTACACKKXSOC Kj i n ' I 'IC ri OlTOACA 
AOAATCCTCACAATACCGCAOAGC 

flAICTTTAACATGGAGAACAATCCrCTa 
GGATTXTTTCCCGATCACCAGTTGGATCC 
AGCCTTCAGAGCAAACACCGCAAATCC 
AGATTGCGACTTCAATGTT 

AAHCTAGACTCGAGTCTOAACATAOAG 
AACATCACATCAGGATTCCTAGGACCCC 
1TCTCX3T0TTACAQQ0GQG O1 Ull U llu r 
TOACAAGAATCCTCACAATACCGCAGA 

ac 

CIAQQAACAGTAAACCCTGTTCTOACTA 
CroCCTCTCGCTrATOGTCAATCTTCrCTA 
GGATTGGGGAC 



QAlCTrrAACATCGAOAACOATCACCAC 
TTCGATCCAGCCTCCAGAGCAAACACCG 
OWXCOOOXCG^ 
(XGCCCKXGCOGOCAAT 

CX&fiACAC AGTAA ACCCTGTTCTGACT A 

CTCKXTCTCCCnTATCGTCAATCm 

OGATTOOGGAC 

GAICnTAACATGQAQACCAATCCTCTQ 
GGATTCTTTCCCGATCACCAGrrrGGATCC 
AGCCTTCAGAGCAAACACCGCAAATCC 
AGATTOCCACTTCAAT 



[0050] The oligonucleotides in Table I were combined with theXbal-Bglll fragment to produce constructs with desired 
features. In certain constructs adapter oligonucleotide sequences (Table II) were used to create proper matching sticky 
ends on the oligonucleotides and other construct components. 
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Table II 

O^jronncleotide Duplexes (Adapter Sequences'! 



Oligo. No. 
2 

4 

7 

9 

1 5 
27 
3 1 
41 
47 
53 

57 
61 
63 



Restriction Sites and 
Schematic Structure 

Apal-Bglll-Hindlll 



Mstll-Xhol 
EcoRI-HindlH-BglH 
Sall-Bglll-BamHl 
EcoRI-BgHI 



Sequence (5'-W 

CTTRGRTCTTTR 
CCGGGflflTCTflGflRflTTCGfl 

TCflGGflC 

cctgrgct 

rrttcrrgcttr 
gttcgratcta6 

tcgacrgrtrtg 
gtctrgrcctrc 

RflTTCCCCGGGfl 

GGGGCCCTCTflG 



HcoRI-BgUI-BamHI- AATTCAGRTCTGGATCCGRGCTCR 

GTCTRGRCCTRGGCTC6RGTTCGA 



Hindlll 

BamHI-Hindlll 
Apal-Bglll-Xhol 
Xbal-polyalanine-XhoI 



GRTCCTTfl 

GRATTCGR 

CflAHRGRTCTTTTC 
CCGGGT TT TCTRGflflflflGRGCT 

CTflGflC(20H GCOGflC 

TG(20H CGG)CTGRGCT 

EcoRI-Bglll-Xbal-XhoI 

ART TCRTCCAGRTCTflflTTCTC TAGRTTRC 

GTA GGTCTR G RTTR R G RG RTCTR RTG A G CT 



Xhol-Xbal 

BgHI-EcoRI-Bglll 

EcoRI-Sall-EcoRI 



TCGAGGRGTCGRCCTAGT 

CCTCRGCTGGRTCRGATC 

GATCTR ATTG ARTTCR RTTR 

ATTR R CTTA R GTTH RTCTR G 

RRTTATGTCGRCTR 

TRCRGCTGRTTTRR 



[0051] Other adapter sequences may be used to combine desired oligonucleotides from Table I with the Xpal-Bglll 
fragment, other restriction fragments, oligonucleotides and other construct components. The necessary sequences of 
such other adapter sequences will be readily apparent to those skilled in the art from consideration of tables of restriction 
sites [e.g., that found at pages 121-128 of Methods in Enzymology , volume 152, "Guide to Molecular CloningTech- 
niques," ed, Berger and Kimmel (Academic Press 1987) which is incorporated herein in its entirety by reference] and 
the sequences of the various nucleotides to be combined. Adapter sequences can also be used to introduce additional 
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restriction sites into constructs of the present invention. It should be noted that adapter sequences must be selected 
or designed so that the proper reading frame is maintained throughout the HBV sequence. 

[0052] Preferred gene constructs which were used to transfect host cells were prepared by recombinant DNA tech- 
niques in accordance with the present invention. Preferred embodiments of constructs with an enhanced expression 
s rate are shown in Figures l-VIII and are schematically represented by the following: 

pU2-structural gene 

pU2-structural gene-dhfr 

pU2-structural gene-dhfr-MT-neo 
10 pU2 -structural gene-dhfr-MT-egpt 

pMT-structural gene-dhfr 

pMT-structural gene-dhfr-MT-neo 

pMT-structural gene-dhfr-MT-egpt 

pH2K-structural gene-dhfr 
15 pH2K-structural gene-MT-neo 

pH2K-structural gene-MT-egpt 

pH2K-structural gene-dhfr-MT-neo 

pH2 K-structu ral gen e-dhf r-MT-egpt 

20 [0053] Each of the constructs shown in Figures l-VIII contain, in addition to a HBV sequence, a neomycin selection 
marker with the MT promoter, an ampicillin selection marker, a dhfr selection/amplification gene and a promoter for 
the HBV sequence. The promoter for the HBV sequence is preferably the U2 promoter, the MT promoter or the H2K 
promoter. Isolation of fragments containing the various promoters, the selection markers and amplification gene is 
described below. The HBV sequences in the constructs of Figures l-VIII are schematically represented by a rectangular 

25 bar in each figure which indicates the oligonucleotides and/or adapter sequences from Tables I and II which were 
combined with the Xbal-Bglll fragment. Shaded areas within the bar indicate generally regions of the entire pre-S n - 
pre-S 2 -S region which are. not found in the specific construct. Oligonucleotides from Table I which can be used to 
construct each type of HBV sequence are indicated in the figures. 

[0054] Figure X depicts two additional constructs for expression of peptides including sequence from the pre-S2 
30 region under the control of the MT promoter. 

[0055] Constructs have also been made which include the entire Bglll-Bglll fragment from the HBV genome under 
the control of the U2 promoter. These constructs have produced peptides which include a deletion in the S region as 
indicated by Western blot analysis. 

[0056] The above-cited promoters are specially preferable when their use is coupled with a modulation method using 
35 the dhfr gene and methotrexate to enhance the expression. This is achieved when in addition to the selection marker 
the dhfr minigene is also introduced into the plasmid sequence. It is essential that the dhfr gene is located on the same 
plasmid together with the structural gene to be expressed. An enhancement of the expression rate of the structural 
gene can then be obtained by adding methotrexate in the micromolar concentration range. Thereby a manyfold en- 
hancement of the expression rate is achieved. 
40 [0057] Suitable cells are e.g. VERO cells (monkey kidney cell line), 3T3-cells (murine fibroblast line), C127-cells 
(murine fibroblast line), L-cells and CHO - cells (Chinese hamster cells, which are either positive or negative in dehy- 
drofolate reductase). 

[0058] As a stop signal it is preferred to use a stop signal from a eukaryotic cell. Preferably the stop signal of the 
caseine DNA-sequence is used. As used throughout the following examples, "HBV protein" refers generically to any 
45 protein produced in accordance with the present invention which corresponds to HBsAg sequences. 

EXAMPLE 1 



so 



Particle Purification Procedures 

1 . Fractionated precipitation with polyethylene glycol (PEG) 



[0059] The supernatant of HBV protein producing cultures was collected and split into portions of 2,400 mi. To each 
portion 144 g of PEG 6000 (Serva) were added and dissolved by stirring at room temperature for 20 minutes and was 
55 stirred for another 6 hours at 4°C. The precipitate was separated by centrifugation in 500 ml bottles in a GS 3 rotor at 
9,000 rpm (15,000 x g) for 30 minutes at 10 C. The supernatant was collected and 144 g of PEG 6000 were added 
and dissolved as described above. The solution was stirred at 4 C for 3 hours. The precipitate from this solution was 
harvested as described above except that centrifugation was continued for 60 minutes. 
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2. Gel Chromatography 

[0060] The material obtained after PEG precipitation was redissolved in 20 ml PBS and submitted to gel chromatog- 
raphy on A-5m (BtoRad). Column dimensions were 25 x 1000 mm and 480 ml bed volume. In a typical fractionation 
5 run 1 ,000 ug of PEG precipitated HBV protein in 10 to 15 ml was loaded and eluted with PBS at a speed of 6 drops/ 
min (1 8 ml/h) 3 ml fractions were collected. HBV protein eluted with the first peak. Collected fractions were submitted 
to a CsCI gradient. 

3. Sedimentation in CsCI Gradient 

10 

[0061] About 30 fractions covering the first peak in column chromatography on A-5m and containing prepurified HBV 
protein were collected to approximately 100 ml. This solution was adjusted to a density of 1.30 g/cc with CsCI and 
subsequently transferred to a nitrocellulose tube fitting into a SW 27/28 rotor (Beckman). A gradient was set by under- 
laying 4 ml of a CsCI solution of 1 .35 g/cc and by overlaying 4 ml of 1 .25 g/cc followed by 4 ml of 1 .20 g/cc density. 
*s This gradient had been run at 28,000 rpm for 50 hours at 1 0 C. Thereafter the gradient was fractionated and purified 
HBV protein floating in the 1 .20 g/cc density layer was collected. The solution was desalted by three cycles of dialysis 
in bags against water. 

Example 2 

20 

Quantitative Determination of HBV protein 

1. with Radioimmunoassay 

25 [0062] In the AU SRI A 11-125 "sandwich" radioimmunoassay (commercially available from Abbot), beads coated with 
guinea pig antibody to Hepatitis B Surface Antigen (Anti-HBs) were incubated with serum or plasma or purified protein 
and appropriate controls. Any HBsAg present was bound to the solid phase antibody. After aspiration of the unbound 
material and washing of the bead, human 125T- Anti-HBs was allowed to react with the antibody-antigen complex on 
the bead. The beads were then washed to remove unbound 125 l-Anti-HBs. 

30 

)-Anti-HBs HBsAg " 
)-Anti-HBs . HBsAg 1251-Anti-HBs 
35 )-Anti-HBs . HBsAg . 125-Anti-HBs 

[0063] The radioactivity remaining on the beads was counted in a gamma scintillation counter. 

2. with ELISA 

40 

[0064] In the Enzygnost HBsAg micro "sandwich" assay (commercially available from Behring), wells were coated 
with anti-HBs. Serum plasma or purified protein and appropriate controls were added to the wells and incubated. After 
washing, peroxidase-labelled antibodies to HBsAg were reacted with the remaining antigenic determinants. The un- 
bound enzyme-linked antibodies are removed by washing and the enzyme activity on the solid phase is determined. 
45 The enzymatically catalyzed reaction of hydrogen peroxide and chromogen was stopped by adding diluted sulfuric 
acid. The colour intensity was proportional to the HBsAg concentration of the sample and was obtained by photometric 
comparison of the colour intensity of the unknown samples with the colour intensities of the accompanying negative 
and positive control sera. 

5 ° Example 3 

Preparation of a construct of the present invention containing the methallothionein promoter. 
1) Isolation of the MT promoter 

55 

[0065] The plasmid pBPV-342-12 (commercially available from ATCC) was digested with the endonucleases Bglll 
and BamHI. Three DNA molecules were generated. The fragment of interest contains the methallothionein promoter 
and a pBR322 sequence comprising 4.5 kb and is easily detectable from the other fragments (2.0 kb and 7.6 kb). 
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[0066] The reaction was performed in a total volume of 200 ul of reaction buffer at a final concentration of 0.5 ug/ul 
DNA including 100 units of each restriction enzyme. The completion of the digestion was checked after incubation at 
37 & C for three hours by agarose gel electrophoresis at a 0.8% agarose gel. The reaction was stopped by adding 4 ul 
0.5 M EDTA. 

[0067] The 4.5 kb fragment was separated from the other fragments by preparative 1 .2% agarose gel electrophoresis. 
The DNA was eluted from the agarose gel on DE-81 Whatman filter paper from which the DNA was removed in a high 
salt buffer. The DNA was purified by a phenol/chloroform extraction and two ethanol precipitations. 

2) Ligation of the 2.3 kb HBV Bglll-Bglll fragment 

[0068] A 2.3 kb Bglll-Bglll fragment containing the HBV pre-S 1 ,pre-S 2 and S coding regions was isolated from HBV- 
containing DNA. The 2-3kb fragment was ligated together with the 4.5 kb fragment (obtained as described in 1) con- 
taining the methallothionein promoter. 

[0069] 2 uJ of the 2.3 kb fragment were mixed with 3 u.l of the 4.5 kb fragment and ligated together in a total volume 
of 10 ul ligation buffer, containing 2 units T 4 -DNA ligase and 2mM ATP at 14°C overnight. 

[0070] The ligation mixture was added to 1 50 ul competent bacterial Cell suspension for DNA up-take. After the DNA 
up-date the bacterial cells were spread on LB agar plate containing 50 ug/ml ampicillin at volumes of 50 to 300 ul cell 
suspension per plate. The agar plates were incubated at 37°C overnight. Single isolated bacterial colonies were 
screened for the presence of a plasm id containing the desired fragments. 

3) Screening for desired plasmid containing bacterial colonies. 

[0071] Single colonies were picked with a toothpick and transferred to a LB-ampicillin media containing tube (5 ml). 
The tubes were incubated overnight at 37°C by shaking rapidly. A mini-plasmid preparation of each grown bacterial 
suspension was made. The different resulting DNAs were proved by digestion with the restriction endonuclease EcoRI. 
Two molecules were expected, a 2.2 kb fragment and a 4.6 kb fragment. The digestion was analysed by agarose gel 
electrophoresis. Plasmid DNA was isolated from the bacterial cells. 

4) Conversion of a part of the HBV-gene sequence. 

[0072] The plasmid resulting from (3) above was digested with the endonucleases Bglll and Xbal; Two molecules 
were expected, one 550 bp fragment and one 6.250 kb fragment which was isolated after agarose gel electrophoresis. 
[0073] The 6.250 kb fragment was ligated together with oligonucleotide No.55 from Table I. The ligation mixture was 
added to 1 50 ul competent bacterial cell suspension for DNA up-take. single isolated bacterial colonies were screened 
for the presence of the desired plasmid. The new plasmid was proved by a digestion with the endonucleases EcoRI 
and Bglll. Two molecules were expected, one 1 .9 kb and one 4.450 kb. 

5) Insertion of a neomycin selection marker. 

[0074] The plasmid resulting from (4) above was linearized by digestion with the restriction enzyme EcoRI. The 
reaction was performed in a total volume of 50 ul and a final concentration of 1 ug/ul plasmid DNA. 50 units of ECORI 
were added and the digestion was proved after incubation at 37° C for three hours by agarose gel electrophoresis. The 
reaction was stopped by adding 1 ul of 0.5 M EDTA and the DNA was precipitated with a final concentration of 0.3 M 
sodium acetate and 3-4 volumes of ethanol at -80°C for 30 minutes. The precipitated DNA was dissolved in 50 ul 
distilled water. 

[0075] 2 ul of the linearized plasmid were mixed with 3 ul of the DNA fragment containing the methallothionein pro- 
moter and the neomycin selection gene [isolated from the plasmid pMT-neo-E (available from ATCC ) by digestion with 
the endonuclease EcoRI as a 4kb fragment], and ligated together. Single bacterial colonies were screened for the 
presence of the desired plasmid. 

6) Additional of the dhf r Amplification Gene dhf r 

[0076] The plasmid pdhfr3.2 (available from ATCC) was digested with the restriction endonuclease Hindlll. Two 
molecules were generated, one of 3,000 bp containing the dhfr gene sequence and one of 3,400 bp. The 3,000 bp 
fragment was isolated and ligated into the plasmid resulting from (5) above which was previously opened by digestion 
with Hindlll. The resulting plasmid is represented by Fig. I-2. 
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1) Isolation of a fragment containing the U2 promoter sequence. 

[0077] The plasmid pUC-8-42 (available from Exogene ) was digested with the restriction endonucleases EcoRI and 
Apal. Two DNA molecules were generated. The fragment of interest contains the U2-promoter comprising 340 bp and 

5 is easily detectable from the other fragment (3160 bp). The digestion was performed in a total volume of 200 ul of 
reaction buffer at a final concentration of 0.5 ug/ul DNA including 1 00 Units of each restriction enzyme. The completion 
of the digest was checked after incubation at 37°C for three hours by agarose gel electrophoresis in a 0.7% agarose 
gel. The reaction was stopped by adding 4 ul 0.5 M EDTA. The 340 bp fragment was separated from the plasmid DNA 
by preparative 1 .2% agarose gel electrophoresis. The DNA was eluted from the agarose gel on DE-81 Whatman filter 

*0 paper from which the DNA was removed in a high salt buffer. The DNA was purified by a phenol/chloroform extraction 
and two ethanol precipitations. 

2) Insertion of the fragment containing the promoter sequence into a polylinker plasmid. 

*s [0078] The plasmid pSP1 65 (commercially available from Promega Biotec) containing a polylinker sequence (con- 
taining the following restriction sites: EcoRI, Sad, Smal, Aval, BamHI, Bglll, Sail, Pstl, Hindlll) was linearized with the 
restriction enzyme EcoRI. The reaction was performed in a total volume of 50 u I and a final concentration of I ug/ul 
plasmid DNA. 50 Units of EcoRI were added an the digestion was proved after incubation at 37°C for three hours by 
agarose gel electrophores. The reaction was stopped by adding 1 ul of 0.5 M EDTA and the DNA was precipitated with 

20 a final concentration of 0.3 M sodium acetate and 3-4 volumes of ethanol at -80?C for 30 minutes. The precipitated 
DNA was dissolved in 50 u I distilled water. 

[0079] 2 ul of plasmid DNA were mixed with 10 ul of the fragment DNA containing the u2 promoter sequence, and 
ligated together in a total volume of 25 ul of ligation buffer containing 2 units T4-DNA ligase and 2 mM ATP at 14°C 
overnight. Thereafter the DNA was purified by phenol/ chloroform extractions followed by two ethanol precipitations 

25 and dissolved in 1 0 ul distilled water. The resulting sticky ends of EcoRI and Apal had to be converted into blunt ends 
and ligated. The blunt ends were converted by a removing reaction with the Mung bean nuclease as follows: to 25 ul 
DNA (1 ug/ul concentration) reaction buffer, 20 units of enzyme and a final concentration of 1% glycerol to the reaction 
volume of 35 ul were added. After an incubation for 30 minutes at 30 C the DNA was purified by phenol/chloroform 
extractions followed by two ethanol precipitations. The DNA was dissolved again in 5 ul distilled water. The resulting 

30 blunt ends were ligated together in 15 ul reaction volume containing 10 x more T4 ligase then used above and 2 mM 
ATP at 14°C overnight. 

[0080] The ligation mixture was added to 1 50 ul competent bacterial cell suspension for DNA up-take. After the DNA 
up-take the bacterial cells were spread on LB agar plates containing 50 ug/ml ampicillin at volumes of 50 to 300 ul cell 
suspension per plate. The agar plates were incubated at 37°C overnight. Single isolated bacterial colonies were 
35 screened for the presence of a plasmid containing the desired U2-promoter fragment. 

3. Screening for desired plasmid containing bacterial colonies 

[0081] Single colonies were picked with a toothpick and transferred to a LB-ampicillin containing tube (5 ml). The 
40 tubes were incubated overnight at 37°C by shaking rapidly. A mini plasmid preparation of each grown bacterial sus- 
pension was made. The different resulting plasmid was proved by digestion with both restriction endonucleases EcoRI 
and Hindlll. Two molecules were found, a 400 bp fragment containing the U2 promoter sequence and the plasmid of 
2,700 bp. The digestion was analysed by agarose gel electrophoresis. The resulting plasmid was isolated from the 
bacterial cells. 



45 



Insertion of the neomycin selection marker. 



[0082] The plasmid pBPV-342-12 (commercially available from ATCC) was digested with the endonucleases EcoRI 
and BamHI. Two molecules were isolated, one containing the MT promoter together with the neomycin selection gene 
50 of 4,000 bp and the plasmid of 1 0,000 bp. 

[0083] The plasmid resulting from (3) above was linearized with EcoRI and ligated together with the 4,000 bp fragment 
containing the MT-promoter together with the neomycin selection gene. The resulting sticky ends were also converted 
into blunt ends and ligated together as described above. 

[0084] After bacterial transformation, colony selection and mini plasmid preparation, the resulting plasmids were 
55 analysed by a digestion with the restriction enzymes EcoRI and Hindlll. Two DNA molecules were isolated, a 400 bp 
fragment and a 6,700 bp fragment, 
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5) Ligation of the Bglll-Bglll fragment 

[0085] The plasmid resulting from (4) above was linearized with Bglll. The 2.3 kb-Bgllt-Bglll fragment was ligated 
together with the linearized plasmid. Bacterial colonies were analysed to find the resulting plasmid. The plasmid-DNA 
was digested with EcoRI and two resulting fragments were obtained, a 700 bp fragment (containing the promoter and 
a part of the HBV-sequence) and a 8,700 bp fragment (containing the rest of the HBV-sequence, MT-neo and plasmid). 

6) Alterations within the HBV-sequence 

[0086] The plasmid resulting from (5) above was digested with the endonucleases Bglll and Mstll. Two molecules 
were generated, one of 300 bp containing part of the pre-S sequence and the other (9,100 bp) which was eluted as 
described above. This 9,100 bp fragment was ligated to another Bglll/Mstll 216 bp fragment (sequence 



_ AGATCTA CAGC ATGG GGCAGAATCTTTCCACCAGCAATCCTCTGGGATTCTTTCCCGACCA 
Bglll S1 

CCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATCCAGATTGGGACTTCAATCCCAA 

CAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGCCTGGGTTTCAC 

CCCACCGCACGGAGGCCTTTTGGGGTGGAGC CCTCAGG ) 

Mstll 

coding for an altered pre-S-, gene sequence. 

[0087] The desired plasmid was digested with EcoRI and two resulting fragments were isolated, a 61 6 bp fragment 
and a 8,700 bp fragment. 

Example 5 

Isolation of the H2K Promoter 

[0088] The H2K promoter was isolated as an EcoRI/Bgtll fragment (2kb) from psp65H2 (available from Exogene). 
Isolation of the egpt selection marker 

[0089] The fragment containing the methallothionein promoter and the egpt-selection gene was isolated by digestion 
of the plasmid pMSG (available from Pharmacia) with the restriction enzyme EcoRI as a 3.6 kb fragment. 
[0090] Ail other plasmid constructions were made in similar ways by combining fragments containing the necessary 
components and employing desired oligonucleotides and adapter sequences (where necessary). 

Example 6 

Transfection of Mammalian Cells with Constructs of the Present Invention. 

[0091] In order to achieve secretion of substantial amounts of the HBV peptides encoded by constructs of the present 
invention, mammalian cells must be transfected with both the construct of the present invention and a construct which 
will express entire S protein. The cotransfection was performed in two steps (i.e., a separate transfection for each 
construct) or in a single step (i.e., one transfection using preparation of both constructs). Cotransfection was confirmed 
either by use of different selection markers on the two constructs or by detection of secretion of expression products 
of both constructs by immunoassay. 

[0092] Alternatively, a sequence encoding the HBV peptide sequence of the present invention and a separate se- 
quence encoding the entire S protein could be combined in a single construct. 

Example 7 

General Procedures 

[0093] General procedures useful in practicing the present invention may be found in (1) Methods of Enzymology , 
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volume 152, "Guide to MolecularCloning Techniques," ed. Bergerand Kimmel (Academic Press 1 987), and (2) Maniatis 
et al., "MolecularCloning: A Laboratory Manual," (Cold Spring Harber Laboratory 1982), both of which are incorporated 
herein in their entirety by reference. Specific techniques employed are described below. 

5 1 ) Digestion with Endonucleases and Isolation of Fragments 

[0094] The restriction endonucleases used were: Bglll, BamHI, Hindlll, EcoRI, Xbal, Mstll, Xhol, Pf1 Ml, commercially 
available from Gibco/BRL with their respective restriction buffers (1 Ox). 

[0095] Unless otherwire indicated, restriction digests were performed and fragments were isolated as follows. 
10 Reactions typically contained 1 -5 ug DNA. 

distilled water was added to the DNA in an eppendorf tube to a final volume of 8 ul 
1 ul of the appropriate 10x digestion buffer was added 
1 ul (containing 5-1 0 U) restriction enzyme was added and mixed carefully 
is - the reaction tube was incubated for 1 hour at 37°C 

digestion was stopped by adding 0.5 M EDTA (pH 8.0) to a final concentration of 1 0 mM 

if the DNA was analysed directly on a gel, 1 ul of gel-loading dye III (Maniatis) was added, mixed and the sample 
was loaded into the slots of a 0.8% agarose gel. 

20 [0096] The agarose gel normally contains 0.8% agarose 1 % running buffer (TBE, Maniatis). Where a fragment (about 
1 00-1 OOObp) was isolated from an agarose gel the agarose was increased to 1 .2 to 1 .4%. 

2) Competent Bacterial Cells 

25 [0097] From a dense overnight culture, 1 ml of the bacterial cell suspension was added to 100 ml fresh growth 
medium (L-broth). The cells were grown at 37°C to a density of ODeoo = 0.7 which was reached within 2 hours with 
vigorous shaking in a 500 ml Erlenmeyer flask. Growth was stopped by chilling the culture on ice for 10 minutes. From 
this culture, 3 ml were taken for harvesting the exponential bacterial cells at 3,000 rpm for 5 minutes. The cells were 
resuspended in 1 .5 ml of 50 mM CaCI 2 in 10 mM Tris, pH 8.0, and incubated on ice for another 15 minutes. The cells 

30 were harvested once more by centrifugation at 3,000 rpm for 5 minutes and resuspended in 200 ul of 50 mM CaCI 2 in 
10 mM Tris, pH 8.0, and used directly. 

3) Transformation of Competent Bacterial Cells 

35 [0098] The DNA to be transformed was suspended in 10 mM Tris, pH 7.5, 1 mM EDTA 70 ul and added to the 200 
ul bacterial cell suspension for DNA take-up. The mixture was incubated on ice for 30 minutes and then 1 ml L-broth 
was added. The mixture was incubated at 42°C for 2 minutes and at 37^ for 40 minutes. 

After the incubation, the cells were spread on agar plates containing 50 ug ampicillin/ml agar at volumes of 50-300 ul 
cell suspension per plate. The agar plates were incubated at37°C overnight. After this incubation period, single isolated 
^o bacterial colonies were formed. 

4) Plasmid DNA Isolation 

[0099] 1 liter of plasmid-bearing cells was grown to 0.5 OD^x, in L-broth and amplified for 20 hours with 200 ug/ml 
45 chloramphenicol. The culture was then centrifuged at 4,000 rpm for 20 minutes in JA-10 rotor, 4°C. The pellet was 
resuspended in 1 8 ml cold 25% sucrose, 50 mM Tris, pH 8.0 transferred to a 250 ml Erlenmeyer flask and kept on ice 
6 ml 5mg/ml lysozyme in 250 mM Tris pH 8.0 was added and the mixture was left to stand 10-15 minutes. 6 ml 250 
mM EDTA, pH 8.0, was added, mixed gently and incubated for 15 minutes on ice. 30 ml detergent (0.01% Triton X- 
1 00; 60 mM EDTA, pH 8.0; 50 mM Tris, pH 8.0) was added and the mixture was incubated for 30 minutes on ice. After 
so incubation, the mixture was centrifuged at 25,000 rpm 90 minutes in SW28 rotor, 4°C. 

[0100] Pronase was added to supernatant fluid to 250 ug/ml and incubated 30 minutes, 37°C. The solution was 
extracted with phenol once with 1/2 volume phenol equilibrated with 10 mM Tris, pH 8.0, 1 mM EDTA. The aqueous 
layer was removed. Sodium acetate was then added to a final concentration of 300 mM, followed by the addition of 3 
volumes cold 100% ethanol and thorough mixing. The mixture was stored at -20°C overnight. 
5 $ [0101] The mixture was thawed and centrifuged. The pellet was resuspended in 6 ml 10 mM Tris, 10 mM EDTA, pH 
8.0. 9.4 g CsCI and 0.65 ml of 6 mg/ml ethidium bromide were added and the volume was brought up to 10 ml with 
sterile double-distilled water. The 10 ml alignots were put into Beckman heat-sealable gradient tubes and centrifuged, 
50,000 rpm, 48 hours in 7170.1 Beckman rotor. 
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[0102] Plasmid bands were visualized with UV and removed with syringe and 18 gauge needle by piercing the side 
of the tube. Ethidium bromide was removed from the plasmid fractions by 3 successive extractions with equal volumes 
of isobutanol. Fractions were then (1 ) dialyzed against one 2-liter lot of 1 0 mM Tris, pH 7.4, 1 mM EDTA, pH 7.5, 5 mM 
NaCI for 2 hours or more at 4°C; and (2) phenol extracted once with 1/3 volume phenol equilibrated as above. Sodium 
5 acetate was then added to a final concentration of 300 mM, followed by addition of two volumes of 100% ethanol. 
Precipitate formed at -20°C overnight, or at -70°C for 30 minutes. 

5) Mini- Plasmid Preparation 

10 [0103] 1 ml of an overnight bacteria culture was put into an eppendorf tube and centrifugated for 20 minutes. The 
supernatant was removed. 100 ul of 50 mM glucose, 25 mM Tris (pH 8.0), 10 mM EDTA (pH 8.0) was added to the 
pellet, mixed by vortex and incubated for 5 minutes at room temperature. 200 ul of 0.2 N NaOH, 1% SDS was added, 
mixed by vortex and incubated for 5 minutes on ice. 150 ul 3 M Sodium acetate (pH 4.8) was added, mixed by vortex 
and incubated for 5 minutes on ice. After centrifugation for 5 minutes at 1 3,000 rpm the supernatant was decanted into 

15 a fresh eppendorf tube. 3 volumes of 100% ethanol were supplemented, mixed well and incubated for 30 minutes at 
-80° C, then centrifuged for 10 minutes at 13,000 rpm. The ethanol was removed, the pellet washed with 70% ethanol, 
lyophilized and dissolved in 20 ul distilled water. 5 ul of this plasmid DNA solution were used directly for restriction 
analysis. 

- 20 6) Nick Translation 

[0104] Nick translation was performed according to Rigby et al., J. Mol. Biol., Vol. 113, pp. 237-251 , 1977, which is 
incorporated herein by reference. The reaction mixture for ^P-labeling of DNA contained 0.5 ug of a HBV fragment, 
in a total volume of 30 ul with 50 mM Tris, pH 7.8, 5 mM MgCI 2 , 10 mM mercaptoethanol, 0.1 mM dATP, 0.1 mM dGTP, 
25 0.1 mM dTTP, 50 uCi ^P-dCTP, 10 units DNA polymerase I, 3 ul of a 2 x 10 5 fold dilution of 1 mg/ml DNase I and is 
incubated for 90 minutes at 1 5°C, yielding 3 x 1 0 6 to 1 2 x 1 0 6 total cpm, i.e. 1 x 1 0 7 to 5 x 1 0 7 cpm/ug DNA. 

7) Southern Blot Analysis 

30 [0105] To characterize the organization within the host cell genome of the vectors of this invention, chromosomal 
DNA from cell lines producing particles of this invention were isolated and digested with the appropriate restriction 
enzyme(s) and analysed by the method of Southern (J. Mol. Biol., Vol. 98, pp. 503-517, 1975), which is incorporated 
herein by reference, using a 32 P-labeled DNA probe. Following digestion of the chromosomal DNA (20 jig) with the 
restriction enzyme Bg II I, the resulting fragments were separated by 0.7% agarose gel electrophoresis. Thereafter, the 

35 DNA was denatured by exposing to 366 nm UV light for 1 0 minutes and by incubation in a solution of 0.5 M NaOH and 
1 M NaCI for 45 minutes. The gels were neutralized by incubation in 0.5 M Tris, 1.5 M NaCI, pH 7.5 for 60 minutes. 
The DNA was transferred to a nitrocellulose filter by soaking in 3 M NaCI, 0.3 M Sodiumcitrate (20 x SSC) for 20 hours 
through the gel by covering the top of the nitrocellulose filter with a staple of dry paper towels. The nitrocellulose filter 
was kept for 2 hours in a vacuum oven at 80 C. A radioactive DNA probe from the Bglll fragment of the pHBV (2.3 kb) 

4£> was prepared by nick translation. 

For hybridization with the DNA probe, the nitrocellulose filter was sealed in a plastic bag containing 10 ml of prehy- 
bridization mixture: 50% formamide, 5 x SSC, 50 mM Sodiumphosphate, pH 7.0, 5 x Denhardt's solution, 250 ug/ml 
denatured salmon sperm DNA. The filter was incubated in this mixture for 4 hours at 45°C, after which the pre-hybrid- 
ization mixture was replaced by the hybridization mixture: 50% formamide, 5 x SSC, 20 mM Sodiumphosphate, pH 

45 7.0, 1 x Denhardt's solution, 100 ug/ml denatured salmon sperm DNA, 5 x 10 5 cmp/ml 32 P-probe, The filter, after 
incubating in the hybridization mix for 18 hours at 45°C, was washed three times, 5 minutes each, in 0.1 x SSC, 0.1% 
SDS at 50°C. The filter was dried at 60°C for 10 minutes and exposed to two X-ray films (XAR-5, KODAK) between 
two intensifying screens and kept at -80°C. The first X-ray film is developed after 3 days' exposure; the second film 
after 7 days' exposure. 

so 

8) Preparation of Mammalian Cells and DNA Precipitate for Transfection 

[0106] The recipient cells (C127 or CHO-cells available from ATCC)were seeded in normal growth medium 
(DMEM+1 0% Fetal Calf Serum.Glycose and Glutamin) into petri-dishes (1 -2 x 1 0 6 cells per dish, 1 0 cm) at day 1 . The 
55 next day the medium was removed (4 hours before the DNA precipitate was added onto the cells), and the cells were 
washed twice with 1 x PBS. Then 8 ml DMEM without FCS were added. 4 hours later the DNA precipitate (prepared 
as described below) was added to the cells. Again after 4 hours the medium was removed, 3 ml of Glycerol-Mix (50 
ml 2 x TBS buffer, 30 ml glycerol, 1 20 ml distilled water) were added. The Glycerol-Mix was immediately removed after 
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an incubation at 37°C for 3 minutes and the cells were washed with 1 x PBS. The cells were cultivated overnight with 
8 ml of DM EM with 10% FCS. 

[0107] After 48 hours, the cells were recovered from the dish by treating with Trypsin-EDTA-Solution (0.025% Trypsin 
+ 1 mM EDTA). Afterwards, to remove the Trypsin-EDTA the ceils were washed with 1 x PBS, suspended in DM EM 

5 with 10% FCS and distributed into 24 costar-well-plates (cells from one dish into four 24-well-plates). When the cells 
had grown well, selection medium was added (concentration 0.5-1 mg/ml of neomycin, or xanthine: 250 u.g/ml, hypox- 
anthine: 15 u.g/ml (or adenine: 25 u-g/ml), thymidine: 10 u.g/ml,aminopterine 2 u,g/ml mycophenolic acid: 25 u.g/ml for 
eco-gpt, for example). The medium was changed every week. The first growing cell colonies were seen after 2 weeks. 
[0108] To 1 0 ug of plasmid DNA and 20 ug of carrier-DNA (salmon-sperm DNA, calf-thymus DNA) TE-buffer (1 0 mM 

10 Trix-HCI, 1 mM EDTA, pH 7.05) was added to a final volume of 440 ul and mixed together with 60 ul 2 M CaCI 2 . Then 
the same amount of 2x TBS (Hepes 50 mM, NaCI 280 mM, Na^PC^ 1 .5 mM, pH 7.05) was added and mixed well. 
The precipitation solution was incubated for 30 minutes at 37°C and added directly to the cells which should be trans- 
fected. 

15 Example 8 

Culturing of Transfected Cells to Secrete Protein 

[0109] The selected cells are treated for further cultivation in normal growth medium as described in section 8. 

20 

Example 9 

F) preparation of the Adjuvant of Purified Particles 

25 [0110] To the desired concentration of antigen particles suspended in sterile saline, 1 ; 10,000 volume Thimerosol, 
1/1 0 volume of filter-sterilized 0.2 M Al K(S04) 2 : 12 H 2 0 were added. The pH was adjusted to 5.0 with sterile 1 N NaOH 
and the suspension was stirred at room temperature for 3 hours. The alum-precipitated antigen was recovered by 
centrifugation for 10 minutes at 2,000 rpm, resuspended in sterile normal saline containing 1 :1 0,000 Thimerosol and 
aliquated under sterile conditions, 

30 

Example 1 0 

[0111] Tables III - X give some of the results of ELISA analysis of immunogenic particles as described below: 

35 Table III: shows the ELISA data of the purified HBs antigen particle produced from any HBV sequence construct 
of the present invention including the pre-S 1 region with total deletion of pre-S 2 and deletions upstream 
of the pre-S 2 ATG and the S region with deletion of the S ATG and downstream the S ATG through the 
XBal site (e.g. the construct of Fig. 1-1 ) with the anti-pre-S., monoclonal antibody MA 1 8/7. The fractions 
9-15 (Fig. XI) were pooled after CsCI sedimentation. 

40 

Table IV: shows the ELISA data of the purified HBS antigen particle produced from any HBV sequence construct 
of the present invention including the pre-S 1 region with total deletion of pre-S 2 and deletions upstream 
of the pre-S 2 ATG and the S region with deletion of the S ATG and downstream the S ATG through the 
XBal site (e.g., the construct of Fig. 1-1) with the anti-pre-S 2 monoclonal antibody MQ 19/10. The frac- 
45 tions 9-15 (Fig. XI) were pooled after CsCI sedimentation. 

Table V: shows the ELISA data of the purified HBs antigen particle produced from an HBV sequence construct 
including the pre-S 2 region with none of the pre-S 1 region and deletions upstream of the S ATG and 
downstream of the S ATG through the XBal site, and the S region with deletion of the S ATG (e.g. the 
50 construct of Fig. 11-1) with the anti-pre-Sj monoclonal antibody MA 18/7. The fractions 9-15 (Fig. XII) 

were pooled after CsCI sedimentation. 

Table VI: shows the ELISA data of the purified HBS antigen particle produced from an HBV sequence construct 
including the pre-S 2 region with none of the pre-S 1 region and deletions upstream of the S ATG and 
55 downstream of the S ATG through the XBal site, and the S region with deletion of the S ATG (e.g. the 

construct of Fig. 11-1) with the anti-pre-S 2 monoclonal antibody MQ 19/10. 
The fractions 9-15 (Fig. XII) were pooled after CsCI sedimentation. 
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Table I 





CsCI-gradient 


ELISA Measurement 


5 




Monoclonal Antibody MA 18/7 




Fraction No. 9-15 (pooled) 


E 492 = 0.839 


10 


Table IV 


CsCI-gradient 


ELISA Measurement 






Monoclonal Antibody MQ 19/10 




Fraction No. 9-15 (pooled) 


E 492 = 0.000 


15 








Table V 




CsCI-gradient 


ELISA Measurement 


20 




Monoclonal Antibody MA 1 8/7 


Fraction No. 9-15 (pooled) 


E 492 = 0.000 




Table VI 


25 


CsCI-gradient 


ELISA Measurement 






Monoclonal Antibody MQ 19/10 




Fraction No. 9-15 (pooled) 


E49 2 = 1 .028 



30 Table VII: 



55 Table VIII: 



40 



Table IX: 



Table X: 



shows the ELISA data of the purified HBs antigen particle produced from any HBV sequence construct 
of the present invention including the pre-S 1 region with total deletion of pre-S 2 and deletions upstream 
of the pre-S 2 ATG and the S region with deletion of the S ATG (e.g., the construct of Fig. VI-2) with 
the anti-pre-S 1 monoclonal antibody MA 18/7. The fractions 9-15 (Fig. XI) were pooled after CsCI 
sedimentation. 

shows the ELISA data of the purified HBs antigen particle produced from any HBV sequence construct 
of the present invention including the pre-Sj region with deletions upstream of the pre-S 2 ATG with 
deletion of the S ATG with the anti-pre-S 2 monoclonal antibody MQ 19/10. The fractions 9-15' (Fig. 

XI) were pooled after CsCI sedimentation. 

shows the ELISA data of the purified HBs antigen particle produced from an HBV sequence construct 
including the pre-S 2 region with none of the pre-S 1 region and deletions upstream of the S ATG and 
the S region with deletion of theS ATG (e.g., the construct of Fig. VII-2) with the anti-pre-S 1 monoclonal 
antibody MA 1 8/7. The fractions 9-15 (Fig. XII) were pooled after CsCI sedimentation, 
shows the ELISA data of the purified HBs antigen particle produced from an HBV sequence construct 
including the pre-S 2 region with deletions upstream of the S ATG with deletion of the S ATG (e.g., the 
construct of Fig. VII-4) with the anti-pre-S 2 monoclonal antibody MQ 19/10. The fractions 9-15 (Fig. 

XII) were pooled after CsCI sedimentation. 



Table VII 



50 



55 



CsCI-gradient 


ELISA Measurement 




Monoclonal Antibody MA 1 8/7 


Fraction No. 9-15 (pooled) 


E 492 = 1.273 


Table VIM 


CsCI-gradient 


ELISA Measurement 
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Table VIII (continued) 





Monoclonal Antibody MQ 19/10 


Fraction No. 9-15 (pooled) 


E 492 = 0.000 


Table IX 


CsCl-gradient 


ELISA Measurement 




Monoclonal Antibody MA 1 8/7 


Fraction No. 9-15 (pooled) 


E 492 = 0.000 


Table X 


CsCl-gradient 


ELISA Measurement 




Monoclonal Antibody MQ 19/10 


Fraction No. 9-15 (pooled) 


E 492 = 0.985 



Table XI 



shows the ELISA data of purified HBs antigen particles produced by construct including the entire pre- 
S 1 - pre-S 2 - S region under control of the LTR region of rous sarcoma virus after stimulation with stim- 
ulating substances (e.g. PMA) and the additional cotransfection with S (Fig. XIII). 

Table XI 



CsCl-gradient 


ELISA Measurement 




Monoclonal Antibody MA 1 8/7 


Fraction No. 9-15 (pooled) 


E 492 = 0.125 



Figure XIV 



35 Table XII 



shows the characterisation of the particles derived from gene constructs according to table III (Fig. 1-1) 
and table V (Fig. 11-1) cotransfected in C 127 after purification in the CsCI gradient. The fraction collected 
had a smaller volume. 

shows the serotyping of particles according to Fig. 1-1 having the S sequence done in the Pettenkofer 
Institute. 





Table XII 


40 


Results: 




adw/ayw j positive 



45 



50 



[01 1 2] From the foregoing, it wilt be obvio us to those skilled in the art that various modifications in the above-described 
compositions and methods can be made without departing from the spirit and scope of the invention. Accordingly, the 
invention may be embodied in other specific forms without departing from the spirit or essential characteristics thereof. 
Present embodiments, therefore, are to be considered in all respects as illustrative and not restrictive, the scope of 
the invention being indicated by the appended claims rather than by the foregoing description, and all changes which 
come within the meaning and range of equivalency of the claims are therefore intended to be embraced therein. 



Claims 



55 



Claims for the following Contracting States : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL and SE 

1- A recombinant DNA molecule comprising an expression control sequence operatively linked to first and second 
DNA sequences linked in frame, said DNA sequences each encoding a discrete region of a single peptide ex- 
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pressed by said recombinant DNA molecule, and said first DNA sequence being closer to said expression control 
sequence than said second DNA sequence, characterised in that: 

(a) said first DNA sequence comprises the nucleotide sequence of part of the HBV pre-S 1 coding region where- 
in a 5'- terminal region of said pre-S 1 coding region containing the pre-S 1 region ATG start codon has been 
replaced by a 5'- terminal coding region of the HBV S region containing the S region ATG start codon, and 
said first DNA sequence encodes an HBV pre-S 1 epitope; and 

(b) said second DNA sequence comprises nucleotide sequence of the HBV S coding region wherein the ATG 
start codon is absent and encodes a peptide which upon secretion will direct formation of particles that will 
provoke an immune response against the pre-S 1 epitope. 

2. A DNA molecule as claimed in claim 1 in which the nucleotide sequence of said 5'- terminal coding region of the 
HBV S region is ATGGAGAAC. 

3. A DNA molecule as claimed in claim 2 in which the nucleotide sequence of said 5'- terminal coding region of the 
HBV S region is AACATGGAGAAC. 

4. A DNA molecule as claimed in any one of claims 1 to 3 wherein said first DNA sequence comprises the nucleotide 
sequence of part of the HBV pre-S 1 coding region wherein the 3'- terminus of the pre-S., coding region has been 
deleted. 

5. A DNA molecule as claimed in any of claims 1 to 4 coding for an HBV pre-S 1 epitope of the ayw serotype. 

6. A DNA molecule as claimed in any of claims 1 to 5 containing at least one nucleotide sequence from Table I. 

7. A DNA molecule as claimed in claim 6 wherein said first DNA sequence comprises the sequence of olrgo no. 55 
from Table I. 

8. A DNA molecule as claimed in claim 6 wherein said first DNA sequence comprises the sequence of oligo no. 23 
from Table I. 

9. A DNA molecule as claimed in claim 7 or claim 8 in which said second DNA sequence comprises the S-coding 
sequence of the Xbal-Bglll fragment of the HBV S gene shown in Figure IX. 

10. A DNA molecule as claimed in claim 1 , said DNA molecule being described by Figure 1-1 , I-2, IV-1 , IV-2, IV-3, VI- 
1 , VI-2 or VI-3. 

11 . A host cell transfected with a recombinant DNA molecule as claimed in any of claims 1 to 1 0. 

12. A host cell co-transfected with a first recombinant DNA molecule and a second recombinant DNA molecule, said 
first recombinant DNA molecule being a recombinant DNA molecule as claimed in any one of claims 1 to 10 and 
said second recombinant DNA molecule encoding a peptide including the amino acid sequence of the HBV S 
peptide. 

13. A host cell as claimed in claim 11 or 12 which is of eukaryotic origin. 

14. A host cell as claimed in claim 13 which is a yeast cell. 

15. A host cell as claimed in claim 13 which is of mammalian origin. 

16. A host cell as claimed in claim 15 which is selected from a VERO cell, a 3T3 cell, a C127 cell, an L cell, a CHO 
cell which is positive for dehydrofolate reductase and a CHO cell which is negative for dehydrofolate reducatase. 

17. A peptide encoded by a recombinant DNA molecule as claimed in any of claims 1 to 10. 

18. A peptide as claimed in claim 17 for use in a method of vaccination against HBV. 
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19. A process for producing a transfected host cell, said process comprising: 

providing a host cell which has been made competent for uptake of DNA, 

exposing said host cell to a first preparation of DNA comprising a recombinant DNA molecule of any of claims 
5 1to10, 

allowi ng under suitable conditions said host cell to take up DNA from said first preparation of DNA, and selecting 
for a host cell which has taken up said recombinant DNA molecule. 

20. A process as claimed in claim 1 9, further comprising exposing said host cell to a second preparation of DNA 
10 comprising a DNA molecule encoding a peptide including the amino acid sequence of the HBV S peptide, and 

allowing under suitable conditions said host cell to take up DNA from the second preparation of DNA. 

21. A method of producing a peptide, said method comprising culturing a host cell transfected with a recombinant DNA 
molecule as claimed in any of claims 1 to 1 0 under conditions allowing expression and secretion of protein by said 

is cell, and collecting the peptide produced as a result of expression from said recombinant DNA molecule. 



Claims for the following Contracting States : ES AND GR 



1 . A process for producing a transfected host cell, said process comprising: 

providing a host cell which has been made competent for uptake of DNA, 
exposing said host cell to a first preparation of DNA comprising a recombinant DNA molecule, 
allowing under suitable conditions said host cell to take up DNA from said first preparation of DNA, and 
selecting for a host cell which has taken up said recombinant DNA molecule, 

wherein said recombinant DNA molecule comprises an expression control sequence operatively linked to 
first and second DNA sequences linked in frame, said DNA sequences each encoding a discrete region of a single 
peptide expressed by said recombinant DNA molecule, and said first DNA sequence beingcloserto said expression 
control sequence than said second DNA sequence, characterised in that: 



(a) said first DNA sequence comprises the nucleotide sequence of part of the HBV pre-S 1 coding region where- 
in a 5'- terminal region of said pre-Si coding region containing the pre-S^ region ATG start codon has been 
replaced by a 5'- terminal coding region of the HBV S region containing the S region ATG start codon, and 

35 said first DNA sequence encodes an HBV pre-S 1 epitope; and 

(b) said second DNA sequence comprises nucleotide sequence of the HBV S coding region wherein the ATG 
start codon is absent and encodes a peptide which upon secretion will direct formation of particles that will 
provoke an immune response against the pre-S 1 epitope. 

40 

2. A process as claimed in claim 1 , further comprising exposing said host cell to a second preparation of DNA com- 
prising a DNA molecule encoding a peptide including the amino acid sequence of the HBV S peptide, and allowing 
under suitable conditions said host cell to take up DNA from the second preparation of DNA. 

4 5 3. A method of producing a peptide, said method comprising culturing a host cell transfected with a recombinant DNA 
molecule under conditions allowing expression and secretion of protein by said cell, and collecting the peptide 
produced as a result of expression from said recombinant DNA molecule, wherein said recombinant DNA molecule 
comprises an expression control sequence operatively linked to first and second DNA sequences linked in frame, 
said DNA sequences each encoding a discrete region of a single peptide expressed by said recombinant DNA 

50 molecule, and said first DNA sequence being closer to said expression control sequence than said second DNA 

sequence, characterised in that: 



(a) said first DNA sequence comprises the nucleotide sequence of part of the HBV pre-S 1 coding region where- 
in a 5'- terminal region of said pre-S 1 coding region containing the pre-S 1 region ATG start codon has been 
replaced by a 5'- terminal coding region of the HBV S region containing the S region ATG start codon, and 
said first DNA sequence encodes an HBV pre-S^ epitope; and 

(b) said second DNA sequence comprises nucleotide sequence of the HBV S coding region wherein the ATG 
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start codon is absent and encodes a peptide which upon secretion will direct formation of particles that will 
provoke an immune response against the pre-S., epitope. 

4. A recombinant DNA molecule comprising an expression control sequence operatively linked to first and second 
DNA sequences linked in frame, said DNA sequences each encoding a discrete region of a single peptide ex- 
pressed by said recombinant DNA molecule, and said first DNA sequence being closer to said expression control 
sequence than said second DNA sequence, characterised in that: 

(a) said first DNA sequence comprises the nucleotide sequence of part of the HBV pre-S! coding region where- 
in a 5'- terminal region of said pre-S., coding region containing the pre-S., region ATG start codon has been 
replaced by a 5'- terminal coding region of the HBV S region containing the S region ATG start codon, and 
said first DNA sequence encodes an HBV pre-S., epitope; and 

(b) said second DNA sequence comprises nucleotide sequence of the HBV S coding region wherein the ATG 
start codon is absent and encodes a peptide which upon secretion will direct formation of particles that will 
provoke an immune response against the pre-S., epitope. 

5. A DNA molecule as claimed in claim 4 in which the nucleotide sequence of said 5 1 - terminal coding region of the 
HBV S region is ATGGAGAAC. 

6. A DNA molecule as claimed in claim 5 in which the nucleotide sequence of said 5'- terminal coding region of the 
HBV S region is AACATGG AG AAC . 

7. A DNA molecule as claimed in any one of claims 4 to 6 wherein said first DNA sequence comprises the nucleotide 
sequence of part of the HBV pre^ coding region wherein the 3'- terminus of the pre-S., coding region has been 
deleted. 

8. A DNA molecule as claimed in any of claims 4 to 7 coding for an HBV pre-S 1 epitope of the ayw serotype. 

9. A DNA molecule as claimed in any of claims 4 to 8 containing at least one nucleotide sequence from Table I. 

10. A DNA molecule as claimed in claim 9 wherein said first DNA sequence comprises the sequence of oligo no. 55 
from Table I. 

11. A DNA molecule as claimed in claim 9 wherein said first DNA sequence comprises the sequence of oligo no. 23 
from Table I. 

12. A DNA molecule as claimed in claim 10 or claim 11 in which said second DNA sequence comprises the S-coding 
sequence of the Xbal-Bglll fragment of the HBV S gene shown in Figure IX. 

13. A DNA molecule as claimed in claim 4, said DNA molecule being described by Figure 1-1 , l-2 t IV-1 , IV-2, IV-3, VI- 
1, VI-2 or VI-3. 

14. A host cell transfected with a recombinant DNA molecule as claimed in any of claims 4 to 13. 

15. A host cell co -transfected with a first recombinant DNA molecule and a second recombinant DNA molecule, said 
first recombinant DNA molecule being a recombinant DNA molecule as claimed in any one of claims 4 to 13 and 
said second recombinant DNA molecule encoding a peptide including the amino acid sequence of the HBV S 
peptide. 

16. A host cell as claimed in claim 14 or 15 which is of eukaryotic origin. 

17. A host cell as claimed in claim 16 which is a yeast cell, 

18. A host cell as claimed in claim 16 which is of mammalian origin. 

19. A host cell as claimed in claim 18 which is selected from a VERO cell, a 3T3 cell, a C127 cell, an L cell, a CHO 
cell which is positive for dehydrofolate reductase and a CHO cell which is negative for dehydrofolate reducatase. 
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20. A peptide encoded by a recombinant DNA molecule as claimed in any of claims 4 to 13. 

21. A peptide as claimed in claim 20 for use in a method of vaccination against HBV. 

5 22. A process for the manufacture of a medicament for vaccination against HBV characterised in the use, as an 
essential constituent of said medicament, of a peptide as claimed in claim 20. 

PatentansprUche 

10 

PatentansprUche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, FR, GH, IT, LU, NL und SE 

1. Rekombinantes DNA-Molekul, umfassend eine Expressionskontrollsequenz, welche mit einer ersten und einer 
'5 zweiten DNA-Sequenz funktionell verbunden ist, die im Leseraster verknupft sind, wobei die DNA-Sequenzen 

jeweils einen getrennten Bereich eines einzelnen Peptids codieren, das von dem rekombinanten DNA-Molekul 
exprimiert wird, und wobei die erste DNA-Sequenz der Expressionskontrollsequenz naher ist ais die zweite DNA- 
Sequenz, dadurch gekennzeichnet, daB: 

20 (a) die erste DNA-Sequenz die Nucleotidsequenz eines Teils des HBV-pra-S-, -codierenden Bereichs umfaBt, 

worin ein 5'-terminaler Bereich des pra-Si -codierenden Bereichs, enthaltend das ATG-Startcodon des pra- 
S 1 -Bereichs, durch einen S'-terminalen, codierenden Bereich des HBV-S-Bereichs, enthaltend das ATG-Start- 
codon des S-Bereichs, ersetzt wurde, und wobei die erste DNA-Sequenz ein HBV-pra-S .,-Epitop codiert; und 
(b) die zweite DNA-Sequenz die Nucleotidsequenz des HBV-S -codierenden Bereichs umfaBt, worin das ATG- 

25 Startcodon fehlt, und ein Peptid codiert, das bei der Sekretion die Bildung von Partikeln steuert, die eine 

Immunantwort gegen das pra-S r Epitop austosen. 

2. DNA-Molekul, wie in Anspruch 1 beansprucht, worin die Nucleotidsequenz des 5'-terminalen, codierenden Be- 
reichs des HBV-S-Bereichs ATGGAGAAC ist. 

30 

3. DNA-Molekul, wie in Anspruch 2 beansprucht, worin die Nucleotidsequenz des S'-terminalen, codierenden Be- 
reichs des HBV-S-Bereichs AACATGGAGAAC ist. 

4. DNA-Molekul, wie in irgendeinem der Anspruche 1 bis 3 beansprucht, wobei die erste DNA-Sequenz die Nucleo- 
35 tidsequenz eines Teils des HBV-pra-S., -codierenden Bereichs umfaBt, worin der 3'-Terminus des pra-S 1 -codieren- 
den Bereichs deletiert wurde. 

5. DNA-Molekul, wie in irgendeinem der Anspruche 1 bis 4 beansprucht, das ein HBV-pra-S., -Epitop des ayw-Sero- 
typs codiert. 

40 

6. DNA-Molekul, wie in irgendeinem der Anspruche 1 bis 5 beansprucht, enthaltend mindestens eine Nucleotidse- 
quenz aus Tab el I e I. 

7. DNA-Molekul, wie in Anspruch 6 beansprucht, worin die erste DNA-Sequenz die Sequenz von Oligo Nr. 55 aus 
45 Tabelle I umfaBt. 

8. DNA-Molekul, wie in Anspruch 6 beansprucht, woein die erste DNA-Sequenz die Sequenz von Oligo Nr. 23 aus 
Tabelle I umfaBt. 

so 9. DNA-Molekul, wie in Anspruch 7 oder Anspruch 8 beansprucht, worin die zweite DNA-Sequenz die S-codierende 
Sequenz des Xbal-Bglll-Fragments des in Figur IX gezeigten HBV-S-Gens umfaBt. 

10. DNA-Molekul, wie in Anspruch 1 beansprucht, wobei das DNA-Molekul durch Figur 1-1 , I-2, IV-1 , IV-2, IV-3, VI-1 , 
VI-2 oder VI-3 beschrieben wird. 



55 



11. Wirtszelle, transfiziert mit einem rekombinanten DNA-Molekul, wie in irgendeinem der Anspruche 1 bis 10 bean- 
sprucht. 



22 



EP 0 304 578 B1 



12. Wirtszelle, cotransfiziert mit einem ersten rekombinanten DNA-Molekul und einem zweiten rekombinanten DNA- 
Molekul, wobei das erste rekombinante DNA-Molekul ein rekombinantes DNA-Molekul ist, wie in irgendeinem der 
Anspruche 1 bis 10 beansprucht, und wobei das zweite rekombinante DNA-Molekul ein Peptid codiert, das die 
Aminosauresequenz des HBV-S-Peptids einschlieBt. 

13. Wirtszelle, wie in Anspruch 11 Oder 12 beansprucht, die eukaryontischen Ursprungs ist. 

14. Wirtszelle, wie in Anspruch 13 beansprucht, die eine Hefezelle ist. 

15. Wirtszelle, wie in Anspruch 13 beansprucht, die von einem Sauger stammt. 

16. Wirtszelle, wie in Anspruch 15 beansprucht, die aus einer VERO-Zelle, einer 3T3-Zelle, einer C127-Zelle, einer 
L-Zelle t einer CHO-Zelle, die fur Dehydrofolatreduktase positiv ist, und einer CHO-Zelle, die fur Dehydrofolatre- 
duktase negativ ist, gewahlt ist 

17. Peptid, codiert durch ein rekombinantes DNA-Molekul, wie in irgendeinem der Anspruche 1 bis 10 beansprucht. 

18. Peptid, wie in Anspruch 17 beansprucht, zur Verwendung in einem Verfahren zur Impfung gegen HBV. 

19. Verfahren zur Herstellung einer transfizierten Wirtszelle, wobei das Verfahren umfaBt: 

Bereitstellung einer Wirtszelle, die fur die Aufnahme von DNA kompetent gemacht wurde; 

Aussetzen der Wirtszelle einer ersten DNA-Zubereitung, umfassend ein rekombinantes DNA-Molekul nach 

irgendeinem der Anspruche 1 bis 10; 

Ermoglichen der DNA-Aufnahme aus der ersten DNA-Zubereitung durch die Wirtszelle unter geeigneten Be- 
dingungen; und 

Selektion auf eine Wirtszelle, die das rekombinante DNA-Molekul aufgenommen hat. 

20. Verfahren, wie in Anspruch 19 beansprucht, weiterhin umfassend das Aussetzen der Wirtszelle einer zweiten 
DNA-Zubereitung, umfassend ein DNA-Molekul, das ein Peptid codiert, welches die Aminosauresequenz des HBV- 
S-Peptids einschlieBt, und das Ermoglichen der DNA-Aufnahme aus der zweiten DNA-Zubereitung durch die Wirts- 
zelle unter geeigneten Bedingungen. 

21 . Verfahren zur Herstellung eines Peptids, wobei das Verfahren die Zuchtung einer Wirtszelle, transfiziert mit einem 
rekombinanten DNA-Molekul, wie in irgendeinem der Anspruche 1 bis 1 0 beansprucht, unter Bedingungen, welche 
die Expression und Sekretion eines Proteins durch die Zelle zutassen, und die Gewinnung des als Ergebnis der 
Expression des rekombinanten DNA-Molekuls produzierten Peptids umfaBt. 



Patentanspruche fur folgende Vertragsstaaten : ES und GR 

1. Verfahren zur Herstellung einer transfizierten Wirtszelle, wobei das Verfahren umfaBt: 

Bereitstellung einer Wirtszelle, die fur die Aufnahme von DNA kompetent gemacht wurde; 
Aussetzen der Wirtszelle einer ersten DNA-Zubereitung, umfassend ein rekombinantes DNA-Molekul; 
Ermoglichen der DNA-Aufnahme aus der ersten DNA-Zubereitung durch die Wirtszelle unter geeigneten Be- 
dingungen; und 

Selektion auf eine Wirtszelle, die das rekombinante DNA-Molekul aufgenommen hat, 

wobei das rekombinante DNA-Molekul eine Expressionskontrollsequenz umfaBt, die mit einer ersten und einer 
zweiten DNA-Sequenz funktionell verbunden ist, die im Leseraster verknupft sind, wobei die DNA-Sequenzen 
jeweils einen getrennten Bereich eines einzelnen Peptids codieren, das von dem rekombinanten DNA-Molekul 
exprimiert wird, und wobei die erste DNA-Sequenz der Expressionskontrollsequenz naher ist als die zweite DNA- 
Sequenz, dadurch gekennzeichnet, daB: 

(a) die erste DNA-Sequenz die Nucleotidsequenz eines Teils des HBV-pra-S r codierenden Bereichs umfaBt, 
worin ein S'-terminaler Bereich des pra-S^codierenden Bereichs, enthaltend das ATG-Startcodon des pra- 
S., -Bereichs, durch einen 5'-terminalen, codierenden Bereich des HBV-S-Bereichs, enthaltend das ATG-Start- 
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codon des S-Bereichs, ersetzt wurde, und wobei die erste DNA-Sequenz ein HBV-pra-S^Epitop codiert; und 
(b) die zweite DNA-Sequenz die Nucleotidsequenz des HBV-S-codierenden Bereichs umfaBt, worin das ATG- 
Startcodon fehlt, und ein Peptid codiert, das bei der Sekretion die Bildung von Partikeln steuert, die eine 
Immunantwort gegen das pra-S^Epitop ausiosen. 

2. Verfahren, wie in Anspruch 1 beansprucht, weiterhin umfassend das Aussetzen der Wirtszelle einer zweiten DNA- 
Zubereitung, umfassend ein DNA-Molekul, das ein Peptid codiert, welches die Aminosauresequenz des HBV-S- 
Peptids einschlieBt, und das Ermoglichen der DNA-Aufnahme aus der zweiten DNA-Zubereitung durch die Wirts- 
zelle unter geeigneten Bedingungen. 

3. Verfahren zur Herstellung eines Peptids, wobei das Verfahren die Zuchtung einer Wirtszelle, transfiziert mit einem 
rekombinanten DNA-Molekul, unter Bedingungen, welche die Expression und Sekretion eines Proteins durch die 
Zelle zulassen, und die Gewinnung des als Ergebnis der Expression des rekombinanten DNA-Molekuls produ- 
zierten Peptids umfaBt, wobei das rekombinante DNA-Molekul eine Expressionskontrollsequenz umfaBt, die mit 
einer ersten und einer zweiten DNA-Sequenz funktionell verbunden ist, die im Leseraster verknupft sind, wobei 
die DNA-Sequenzen jeweils einen getrennten Bereich eines einzelnen Peptids codieren, das von dem rekombi- 
nanten DNA-Molekul exprimiert wird, und wobei die erste DNA-Sequenz der Expressionskontrollsequenz naher 
ist als die zweite DNA-Sequenz, dadurch gekennzeichnet, daft: 

(a) die erste DNA-Sequenz die Nucleotidsequenz eines Teils des HBV-pra-Si -codierenden Bereichs umfaBt, 
worin ein S'-terminaler Bereich des pra-S 1 -codierenden Bereichs, enthaltend das ATG-Startcodon des pra- 
S i -Bereichs, durch einen S'-terminalen, codierenden Bereich des HBV-S-Bereichs, enthaltend das ATG-Start- 
codon des S-Bereichs, ersetzt wurde, und wobei die erste DNA-Sequenz ein HBV-pra-S^Epitop codiert; und 

(b) die zweite DNA-Sequenz die Nucleotidsequenz des HBV-S-codierenden Bereichs umfaBt, worin das ATG- 
Startcodon fehlt, und ein Peptid codiert, das bei der Sekretion die Bildung von Partikeln steuert, die eine 
Immunantwort gegen das pra-S r Epitop ausiosen. 

4. Rekombinantes DNA-Molekul, umfassend eine Expressionskontrollsequenz, die mit einer ersten und einer zweiten 
DNA-Sequenz funktionell verbunden ist, die im Leseraster verknupft sind, wobei die DNA-Sequenzen jeweils einen 
getrennten Bereich eines einzelnen Peptids codieren, das von dem rekombinanten DNA-Molekul exprimiert wird, 
und wobei die erste DNA-Sequenz der Expressionskontrollsequenz naher ist als die zweite DNA-Sequenz, da- 
durch gekennzeichnet, daB: 

(a) die erste DNA-Sequenz die Nucleotidsequenz eines Teils des HBV-pra-S 1 -codierenden Bereichs umfaBt, 
worin ein 5'-terminaler Bereich des pra-S 1 -codierenden Bereichs, enthaltend das ATG-Startcodon des pra- 
S 1 -Bereichs, durch einen 5'-terminalen, codierenden Bereich des HBV-S-Bereichs, enthaltend das ATG-Start- 
codon des S-Bereichs, ersetzt wurde, und wobei die erste DNA-Sequenz ein HBV-pra-S^Epitop codiert; und 

(b) die zweite DNA-Sequenz die Nucleotidsequenz des HBV-S-codierenden Bereichs umfaBt, worin das ATG- 
Startcodon fehlt, und ein Peptid codiert, das bei der Sekretion die Bildung von Partikeln steuert, die eine 
Immunantwort gegen das pra-S r Epitop ausiosen. 

5. DNA-Molekul, wie in Anspruch 4 beansprucht, worin die Nucleotidsequenz des 5'-terminalen p codierenden Be- 
reichs des HBV-S-Bereichs ATGGAGAAC ist. 

6. DNA-Molekul, wie in Anspruch 5 beansprucht, worin die Nucleotidsequenz des S'-terminalen, codierenden Be- 
reichs des HBV-S-Bereichs AAC ATGGAGAAC ist. 

7. DNA-Molekul, wie in irgendeinem der Anspruche 4 bis 6 beansprucht, wobei die erste DNA-Sequenz die Nucleo- 
tidsequenz eines Teils des HBV-pra-Sj -codierenden Bereichs umfaBt, worin der 3'-Terminus des pra-Si -codieren- 
den Bereichs deletiert wurde. 

8. DNA-Molekul, wie in irgendeinem der Anspruche 4 bis 7 beansprucht, das ein HBV-pra-S r Epitop des ayw-Sero- 
typs codiert. 

9. DNA-Molekiil, wie in irgendeinem der Anspruche 4 bis 8 beansprucht, enthaltend mindestens eine Nucleotidse- 
quenz aus Tabelle I. 

10. DNA-Molekul, wie in Anspruch 9 beansprucht, worin die erste DNA-Sequenz die Sequenz von Oligo Nr. 55 aus 
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Tabelle I umfaBt. 

11. DNA-Molekul, wie in Anspruch 9 beansprucht, worin die erste DNA-Sequenz die Sequenz von Oligo Nr. 23 aus 
Tabelle I umfaBt. 

5 

12. DNA-Molekul, wie in Anspruch 1 0 Oder Anspruch 1 1 beansprucht, worin die zweite DNA-Sequenz die S-codierende 
Sequenz des Xbal-Bglll-Fragments des in Figur IX gezeigten HBV-S-Gens umfaBt. 

13. DNA-Molekul, wie in Anspruch 4 beansprucht, wobei das DNA-Molekul durch Figur 1-1 , I-2, IV-1 , IV-2, IV-3, VI-1 , 
10 VI-2 oder VI-3 beschrieben wird. 

14. Wirtszelle, transfiziert mit einem rekombinanten DNA-Molekul, wie in irgendeinem der Anspruche 4 bis 13 bean- 
sprucht. 

15 15. Wirtszelle, cotransfiziert mit einem ersten rekombinanten DNA-Molekul und einem zweiten rekombinanten DNA- 
Molekul, wobei das erste rekombinante DNA-Molekul ein rekombinantes DNA-Molekul ist, wie in irgendeinem der 
Anspruche 4 bis 13 beansprucht, und wobei das zweite rekombinante DNA-Molekul ein Peptid codiert, welches 
die Aminosauresequenz des HBV-S-Peptids einschlieBt. 

20 16. Wirtszelle, wie in Anspruch 14 oder 15 beansprucht, die eukaryontischen Ursprungs ist. 

17. Wirtszelle, wie in Anspruch 16 beansprucht, die eine Hefezelle ist. 

18. Wirtszelle, wie in Anspruch 16 beansprucht, die von einem Sauger stammt. 

25 

19. Wirtszelle, wie in Anspruch 18 beansprucht, die aus einer VERO-Zelle, einer 3T3-Zelle, einer C127-Zelle, einer 
L-Zel!e, einer CHO-Zelle, die fur Dehydrofolatreduktase positiv ist, und einer CHO-Zelle, die fur Dehydrofolatre- 
duktase negativ ist, gewahlt ist. 

30 20. Peptid, codiert durch ein rekombinantes DNA-Molekul, wie in irgendeinem der Anspruche 4 bis 13 beansprucht. 

21. Peptid, wie in Anspruch 20 beansprucht, zur Verwendung in einem Verfahren zur Impfung gegen HBV. 

22. Verfahren zur Herstellung eines Arzneimittels fur die Impfung gegen HBV, das durch die Verwendung eines Peptids, 
35 wie in Anspruch 20 beansprucht, als einen wesentlichen Bestandteil des Arzneimittels gekennzeichnet ist. 



Revendications 



Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 

1. line molecule d'ADN recombin6 comprenant une sequence de regulation de I'expression Ii6e de maniere fonc- 
tionnelle a des premiere et seconde sequences d'ADN Ii6es dans le meme cadre de lecture, lesdites sequences 
d'ADN codant chacune une region discrete d'un seul peptide exprime par ladite molecule d'ADN recombine, et 
ladite premiere sequence d'ADN etant plus proche de ladite sequence de regulation de I'expression que la dite 
seconde sequence d'ADN, caracterisee en ce que : 

(a) ladite premiere sequence d'ADN comprend la sequence nucleotidique d'une partie de la region codante 
pre-S 1 du VHB dans laquelle une region terminale 5' de ladite region codante pre-S 1 comprenant te codon 
initiateur ATG de la region pre-S., a ete remplace par une region codante 5' -terminale de la region S du VHB 
contenant le codon initiateur ATG de la region S, et ladite premiere sequence d'ADN code un epitope pre-S1 
de VHB ; et 

(b) ladite seconde sequence d'ADN comprend une sequence nucleotidique de la region codante S du VHB 
dans laquelle le codon initiateur ATG est absent et code un peptide qui par secretion dirigera la formation de 
particules qui provoqueront une reponse immunitaire contre Epitope pr6-S1 . 

2. Une molecule d'ADN telle que revendiquee dans la revendication 1 , dans laquelle la sequence nucleotidique de 
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ladite region codante B'-terminale de ta region S de VHB est ATGGAGAAC. 

3. Une molecule d'ADN telle que revendiquee dans la revendication 2 dans laquelle la sequence nucleotidique de 
ladite region codante 5'-terminale de ta region S de VHB est AACATGG AG AAC . 

4. Une molecule d'ADN telle que revendiquee dans Tune quelconque des revendications 1 a 3, dans laquelle la 
premiere sequence d'ADN comprend la sequence nucleotidique d'une partie de la region codante pre-S-j de VHB 
dans laquelle I'extremite 3'-terminale de la region codante pre^ a 6t6 deletee. 

5. Une molecule d'ADN telle que revendiquee dans Tune quelconque des revendications 1 a 4 codant pour un epitope 
pre-S 1 de VHB du serotype ayw. 

6. Une molecule d'ADN telle que revendiquee dans Tune quelconque des revendications 1 a 5, contenant au moins 
une sequence nucleotidique du Tableau I. 

7. Une molecule d'ADN telle que revendiquee dans la revendication 6, dans laquelle ladite premiere sequence d'ADN 
comprend la sequence d'oligo N° 55 du Tableau I. 

8. Une molecule d'ADN telle que revendiquee dans la revendication 6, dans laquelle ladite premiere sequence d'ADN 
comprend la sequence d'oligo N° 23 du Tableau I. 

9. Une molecule d'ADN telle que revendiquee dans la revendication 7 ou la revendication 8, dans laquelle ladite 
seconde sequence d'ADN comprend la sequence codante S du fragment Xbal-Bgl II du gene S du VHB tel que 
represents dans la figure IX. 

10. Une molecule d'ADN telle que revendiquee dans la revendication 4, ladite molecule d'ADN etant decrite dans la 
Figure 1-1 , I-2, IV-1 , IV-2, IV-3, VI-1 , VI-2 ou VI-3. 

11. Une cellule hote transfectee avec une molecule d'ADN recombine telle que revendiquee dans Tune quelconque 
des revendications 1 a 1 0. 

12. Une cellule hote co-transfectee avec une premiere molecule d'ADN recombine et une seconde molecule d'ADN 
recombine, ladite premiere molecule d'ADN recombine etant une molecule d'ADN recombine telle que revendiquee 
dans I'une quelconque des revendications 1 a 10 et ladite seconde molecule d'ADN recombine codant un peptide 
incluant la sequence d'acides amines du peptide S de VHB. 

13. Une cellule hdte telle que revendiquee dans la revendication 11 ou 12, qui est d'origine eucaryote. 

14. Une cellule hdte telle que revendiquee dans la revendication 13, qui est une cellule de levure. 

15. Une cellule hote telle que revendiquee dans la revendication 13, qui est une ceHule d'origine mammifere. 

1 6. Une cellule hdte telle que revendiquee dans la revendication 1 5 qui est choisie parmi une cellule VERO, une cellule 
3T3, une cellule C127, une cellule L, une cellule CHO qui est positive pour la dehydrofolate reductase et une 
cellule CHO qui est negative pour la dehydrofolate reductase. 

17. Un peptide code par une molecule d'ADN recombine telle que revendiquee dans I'une quelconque des revendi- 
cations 1 a 10. 

18. Un peptide tel que revendique dans la revendication 17 pour utilisation dans une methode de vaccination contre 
leVHB. 

19. Un proc6de pour produire une cellule hdte transfectee, ledit proc6d6 comprenant le fait : 

d'obtenir une cellule hdte qui a ete rendue competente pour I'absorption d'ADN, 

d'exposer ladite cellule hdte a une premiere preparation d'ADN comprenant une molecule d'ADN recombine 
de i'une quelconque des revendications 1 a 10, 

de permettre a ladite cellule hote, dans des conditions appropri6es, d'absorber de I'ADN a partir de ladite 
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premiere preparation d'ADN, et 

de selectionner une cellule hote qui a absorbe ladite molecule d'ADN recombine. 

20. Un precede tel que revendique dans ia revendication 1 9, comprenant en outre le fait d'exposer ladite cellule hote 
a une seconde preparation d'ADN comprenant une molecule d'ADN codant un peptide comprenant la sequence 
d'acides amines du peptide S de VHB, et de permettre a ladite cellule hote, dans des conditions appropriees, 
d'absorber I'ADN de ladite seconde preparation d'ADN. 

21 . Une methode de production d'un peptide, ladite methode comprenant le fait de cultiver une cellule hote transfectee 
avec une molecule d'ADN recombine telle que revendiquee dans I'une quelconque des revendications 1 a 1 0 dans 
des conditions permettant I'expression et la secretion de p rote in e par ladite cellule, et de recueillir le peptide produit 
a la suite de I'expression de ladite molecule d'ADN recombine. 



Revendications pour les Etats contractants suivants : ES et GR 

1. Un procede pour produire une cellule hote transfectee, ledit procede comprenant le fait : 

d'obtenir une cellule hdte qui a ete rendue competente pour I'absorption d'ADN, 

d'exposer ladite cellule hote a une premiere preparation d'ADN comprenant une molecule d'ADN recombine, 
de permettre a ladite cellule hote, dans des conditions appropriees, d'absorber de I'ADN a partir de ladite 
premiere preparation d'ADN, et 

de selectionner une cellule hote qui a absorbe ladite molecule d'ADN recombine, 

dans lequel ladite molecule d'ADN recombine comprend une sequence de regulation de I'expression liee de 
maniere fonctionnelle a des premiere et seconde sequences d'ADN liees dans le meme cadre de lecture,, 
lesdites sequences d'ADN codant chacune une region discrete d'un seul peptide exprime par ladite molecule 
d'ADN recombine, et ladite premiere sequence d'ADN etant plus proche de ladite sequence de regulation de 
('expression que ladite seconde sequence d'ADN, 

caracterise en ce que : 

(a) ladite premiere sequence d'ADN comprend la sequence nucleotidique d'une partie de la region codante 
pre-S 1 du VHB dans laquelle une region 5'-terminale de ladite region codante pre-S-, contenant le codon 
initiateur ATG de la region pre-S 1( a ete remplace par une region codante 5'-terminale de la region S du VHB 
contenant le codon initiateur ATG de la region S, et ladite premiere sequence d'ADN code un epitope pr§-S 1 
de VHB ; et 

(b) ladite premiere sequence d'ADN comprend une sequence nucleotidique de la region codante S du VHB 
dans laquelle le codon initiateur ATG est absent et code un peptide qui par secretion dirigera la formation de 
particules qui provoqueront une reponse immunitaire contre ('epitope pre-S^ 

2. Un procede tel que revendique dans la revendication 1 , comprenant en outre le fait d'exposer ladite cellule hote 
a une seconde preparation d'ADN comprenant une molecule d'ADN codant un peptide comprenant la sequence 
d'acides amines du peptide S de VHB, et de permettre a ladite cellule hdte, dans des conditions appropriees, 
d'absorber I'ADN de ladite seconde preparation d'ADN. 

3. Une methode de production d'un peptide, ladite methode comprenant lefait de cuitiver une cellule note transfectee 
avec une molecule d'ADN recombine dans des conditions permettant I'expression et la secretion de proteine par 
ladite cellule, et de recueillir le peptide produit a la suite de I'expression de ladite molecule d'ADN recombine, dans 
laquelle la dite molecule d'ADN recombine comprend une sequence de regulation de ('expression liee de maniere 
fonctionnelle a des premiere et seconde sequences d'ADN liees dans le meme cadre de lecture, lesdites sequen- 
ces d'ADN codant chacune une region discrete d'un seul peptide exprime par ladite molecule d'ADN recombine, 
et ladite premiere sequence d'ADN etant plus proche de la sequence de regulation de I'expression que ladite 
seconde sequence d'ADN, caracterlsee en ce que : 

(a) ladite premiere sequence d'ADN comprend la sequence nucleotidique d'une partie de la region codante 
pre-S 1 du VHB dans laquelle une region 5'-terminale de ladite region codante pre-S-, contenant le codon 
initiateur ATG de la region pre-Sj a ete remplac6e par une region codante 5' terminale de la region S de VHB 
contenant le codon initiateur ATG de la region S, et ladite premiere sequence d'ADN code un epitope pr6-S 1 
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de VHB ; et 

(b) ladite seconde sequence d'ADN comprend une sequence nucleotidique de la region codante S de VHB 
dans laquelle te codon initiateur ATG est absent et code un peptide qui par secretion conduira a la formation 
de particules qui provoqueront une reponse immunitaire contre I'epitope pre-S v 

5 

4. Une molecule d'ADN recombine comprenant une sequence de regulation de I'expression liee de maniere fonc- 
tionnelle a des premiere et seconde sequences d'ADN liees dans le meme cadre de lecture, lesdites sequences 
d'ADN codant chacune une region discrete d'un seul peptide exprime par ladite molecule d'ADN recombine, et 
ladite premiere sequence d'ADN etant plus proche de ladite sequence de regulation de I'expression que la dite 

io seconde sequence d'ADN, caracterisee en ce que : 

(a) ladite premiere sequence d'ADN comprend la sequence nucleotidique d'une partie de la region codante 
pre-S., du VHB dans laquelle une region terminale 5' de ladite region codante pre^ comprenant le codon 
initiateur ATG de la region pre-S., a ete remplace par une region codante 5'-terminale de la region S du VHB 

15 contenant le codon initiateur ATG de la region S, et ladite premiere sequence d'ADN code un epitope pre-S1 

de VHB ; et 

(b) ladite seconde sequence d'ADN comprend une sequence nucleotidique de la region codante S du VHB 
dans laquelle le codon initiateur ATG est absent et code un peptide qui par secretion dirigera la formation de 
particules qui provoqueront une reponse immunitaire contre I'epitope pre-S1 . 

20 . _. ... ........... . .... . ... _ ...„„. . _ ...... 

5. Une molecule d'ADN telle que revendiquee dans la revendication 4, dans laquelle la sequence nucleotidique de 
ladite region codante 5'-terminale de la region S de VHB est ATGGAGAAC. 

6. Une molecule d'ADN telle que revendiquee dans la revendication 5 dans laquelle la sequence nucleotidique de 
25 ladite region codante 5'-terminale de la region S de VHB est AAC ATGGAGAAC . 

7. Une molecule d'ADN telle que revendiquee dans I'une quelconque des revendications 4 a 6, dans laquelle la 
premiere sequence d'ADN comprend la sequence nucleotidique d'une partie de la region codante pre-S., de VHB 
dans laquelle I'extremite 3'-terminale de la region codante pre-S., a ete deletee; 

30 

8. Une molecule d'ADN telle que revendiquee dans I'une quelconque des revendications 4 a 7 codant pour un epitope 
pre-S., de VHB du serotype ayw. 

9. Une molecule d'ADN telle que revendiquee dans I'une quelconque des revendications 4 a 8, contenant au moins 
35 une sequence nucleotidique du Tableau I. 

10. Une molecule d'ADN telle que revendiquee dans la revendication 9, dans laquelle ladite premiere sequence d'ADN 
comprend la sequence d'oligo N° 55 du Tableau I. 

^0 11. Une molecule d'ADN telle que revendiquee dans la revendication 9, dans laquelle ladite premiere sequence d'ADN 
comprend la sequence d'oligo N° 23 du Tableau I. 

12. Une molecule d'ADN telle que revendiquee dans la revendication 10 ou la revendication 11 , dans laquelle ladite 
seconde sequence d'ADN comprend la sequence codante S du fragment Xbal-Bgl II du gene S du VHB tel que 

45 represents dans la figure IX. 

13. Une molecule d'ADN telle que revendiquee dans la revendication 4, ladite molecule d'ADN etant decrite dans la 
Figure 1-1 , I-2, IV-1 , IV-2, IV-3, VI-1 , VI-2 ou VI-3. 

50 14. Une cellule note transfectee avec une molecule d'ADN recombin6 telle que revendiquee dans I'une quelconque 
des revendications 4 a 13. 

15. Une cellule hdte co-transfectee avec une premiere molecule d'ADN recombine et une seconde molecule d'ADN 
recombine, ladite premiere molecule d'ADN recombine etant une molecule d'ADN recombine telle que revendiquee 

55 dans Tune quelconque des revendications 4 a 13 et ladite seconde molecule d'ADN recombine codant un peptide 

incluant la sequence d'acides amines du peptide S de VHB. 

16. Une cellule hote telle que revendiquee dans la revendication 14 ou 15, qui est d'origine eucaryote. 
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17. Une cellule note telle que revendiquee dans la revendication 16, qui est une cellule de levure. 

18. Une cellule hote telle que revendiquee dans la revendication 16, qui est une cellule d'origine mammifere. 

s 19. Une cellule hote telle que revendiquee dans la revendication 1 6 qui est choisie parmi une cellule VERO, une cellule 
3T3, une cellule C127, une cellule L, une cellule CHO qui est positive pour la dehydrofolate reductase et une 
cellule CHO qui est negative pour la dehydrofolate reductase. 

20. Un peptide code par une molecule d'ADN recombine telle que revendiquee dans Tune quelconque des revendi- 
*o cations 4 a 13. 

21. Un peptide tel que revendique dans la revendication 20 pour utilisation dans une methode de vaccination contre 
le VHB. 

*5 22. Un proced6 pour la fabrication d'un medicament pour la vaccination contre le VHB, caracterise par le fait d'utiliser, 
comme constituant essentiel dudit medicament, un peptide tel que revendique dans la revendication 20. 
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Fig. II- 1 
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Fig. II-2 



•.£*# oligonucleotide 
No. 19 or 29 
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Fig. II-3 



e.g., oligonucUotida 
No, 19 or 23 




ScoRI/BtmHX 
H2Kpromcttr" 

aooobp 

EcoPJ 



MT-nto 
4000bp 



Hlndlll 




3000bp 



imp 1 

EcoRX/SwmHI 8 ™°VP 



Hindni 



35 



EP 0 304 578 B1 



Fig. Ill- 1 
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Fig. III-2 
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Fig. III-3 
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Fig. IV- 1 




39 



EP 0 304 578 B1 




40 



EP 0 304 578 B1 




41 



EP 0 304 578 B1 




42 



EP 0 304 578 B1 




43 



EP 0 304 578 B1 




44 



EP 0 304 578 B1 



Fig. VI- 1 
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Fig. VI-2 
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Fig. VI-3 
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Fig. VII- 1 
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Fig. VIII- 1 



•.f.,oH$onucltotid* prt-Sl |pxt «82 I 
NO. Is 28 or 65 



Oligonucl«otid« 
No.l7(vithS2ATOdaletec|) r 

tigt/ oligonucleotid* ' 
K0tQ8or 03 



Apal/EcoRI 
U 2 promoter" 
400bp 

EcoRX 



4000 bp 




dhfr gin« 
OOOObp 



Map" 



EcoJU/B*mHI 2700 bp 
pBR 
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Fig. VIII-2 



••£•/ oligonucleotide 
No. l f 2d or 55 
oligonucleotide 
no. 17 (with S2 ATOdftlettd) 

c oligorvucleotidfi 
No, G 3 or 35 



/ 



pr«-Sl |px«-S2 

— m 



MTpromottr * 
1800 bp 

EcoRI 



MT-nio 
4000 bp 




dhfr gtxta 
3000bp 



EcoRI/BmmHI 270b bp 
pBR 
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Fig. VIII-3 



eigu oligonucltotidt 
No, 1,23 or 55 
t.g., oligonucleotide 
No, 17 (with S2 ATOdUltttct) 

**gt, Oligonucleotide 
No.QQ or 36 



pre-Sl | pre»S2 I 




EcoRI/B^mHt 8 ^^-^^ 2 " 
H2K promoter V>C . HlndHI 

2000 bp 
EcoRI< 



MT-aeo 
4000 Up 




dhfr gene 
OOOObp 



IcoRI/BwnHI 2700 bp 
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Bglll-Bglll SEQUENCE CODING FOR_PR£-SJ., PR£-S2, ANft.S. 

AGATCTACAGCATCGGGCAGAATCTTTCCACCAGCAATCCTCTGGGATTCTTTCCCGACCA 
Bglll |S1 ~ 

CCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATCCAGATTGGGACTTCAATCCCAA 

CAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGCCTGGGTTTCAC 

CCCACCGCACGGAGGCCTTTTGGGGTGGAGCCCTCAGGCTCAGGGCATACTACAAACTTT 

Mstll 

GCCAGCAAATCCGCCTCCTGCCTCCACCAATCGCCAGTCAGGAAGGCAGCCTACCCCGCT 

GTCTCCACCTTTGAGAAACACTCAT CCTCAGG CC ATG CAGTGGAATT 

Mstll fS2 - 

CCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTG 
GTGGCTCCAGTTCAGGAACAGTAAACCCTGTTCTGACTACTGCCTCTCCCTTATCGTCAA 
TCTTCTCGAGGATTGGGGACCCTGCGCTGAACATCGAGAACATCACATCAGGATTCCTAG 

fs" - 

GACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGC 

AGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGAACTACCGTGTGTCTTG 
Xbal 

GCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCTTGTCCTCCAACTTGTC 
CTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTAT 
GCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTGCCCGTTTGTCCTCTAA 
TTCCAGGATCCTCAACAACCAGCACGGGACCATGCCGGACCTGCATGACTACTGCTCAAG 
GAACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATTGCACCTGTA 
TTCCCATCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTT 
TCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTG 
TTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTTACAGCATCTTG 
AGTCCCTTTTTACCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTA 
ACAAAACAAAGAGATGGGGTTACTCTCTAAATTTTATGGGTTATGTCATTGGATGTTATG 
GGTCCTTGCCACAAGAACACATCATACAAAAAATCAAAGAATGTTTTAGAAAACTTCCTA 
TTAACAGGCCTATTGATTGGAAAGTATGTCAACGAATTGTGGGTCTTTTGGGTTTTGCTG 
CCCCTTTTACACAATGTGGTTATCCTGCGTTGATGCCTTTGTATGCATGTATTCAATCTA 
AGCAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATACCTGAACC 
TTTACCCCGTTGCCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCA 
CTGGCTGGGGCTTGGTCATGGGCCATCAGCGCATGCGTGGAACCTTTTCGGCTCCTCTGC. 
CGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACA 
TTATCGGGACTGATAACTCTGTTGTCCTATCCCGCAAATATACATCGTTTCCATGGCTGC 
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TAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGC 
TGAATCCTGCGGACGACCCTTCTCGGGGTCGCTTGGGACTCTCTCGTCCCCTTCTCCGTC 
TGCCGTTCCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTT 
CTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGT 
GAACGCCCACCAAATATTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAAT 
GTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTT 
GGGGG AGGAGATTAGGTTAAAGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTG 
CGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACT 
GTTCAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATCGACCCTTATAAA 
GAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTA 
CGAGATCTTCTAGA 



Bglll 





55 



EP 0 304 578 B1 



Fig. X-l 




EcoRI/BamHI 27(f0bp 



EP 0 304 578 B1 



Fig. X-2 




EcoRI/BunHI 8700 bp 
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Fig. XI 




Fraction Number 
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OLIGO SEQUENCE Bglll/Xbal Fig. X-2 

AGATCTCCATGCAGTGGAATT 
Bglll S2 

CCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTG 

GTGGCTCCAGTTCAGGAACAGTAAACCCTGTTCTGACTACTGCCTCTCCCTTATCGTCAA 

TCTTCTCGAGGATTGGGGACCCTGCGCTGAACACGGAGAACATCACATCAGGATTCCTAG 

GACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGC 

AGAG TCTAGA 
Xbal 
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